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Merchandise  From  Sheriffs'  and  Receivers'  Sales 

Including'  Material  From  the 

$50,000,000  St  Louis  World's  Fair 


The  Chicago  House  Wrecking  Co.  occupies  a  very 
important  position  in  the  mercantile  world.  Our 
methods  are  not  only  a  revelation  but  a  revolu- 
tion. We  are  the  only  concern  on  earth  that 
makes  a  business  of  purchasing  entire  exposi- 
tions and  other  large  institutions.  _  We  are  now- 
engaged  in  removing  and  placing  upon  the 
market  the  millions  of  dollars  worth  of  material 
from  the  St.  Louis  World's  Fair.  Therefore  we 
are  in  a  position  to  furnish  material  fur  the  con- 
struction of  public  buildings,  private  residences, 
factories  or  hotels.  We  can  supply  all  kinds  of 
machinery,  mill  supplies,  electrical  apparatus, 
plumbing  material,  etc.,  etc.,  at  prices  that  will 
strongly  appeal  to  the  economi- 
cal buyer.  In  addition  to  pur- 
chasing expositions  we  are  con- 
stantly buying  at  SHERIFFS', 


Electrical  Material 

A  million  dollars  worth  of  high-grade  apparatus 
o£  every  kind  for  sale.  Rubber  covered  Copper 
Wire,  sizes  No.  14  to  500,000  C  M.  Waterproof 
and  Slow  Burning  Wire,  sizes  No.  14  to  650,000  C 
M.  Lead  Covered  Cable,  all  sizes  from  No.  14  to 
500  000C  M.  Lamp  Cord.  200,000  new  and  used 
Incandescent  Lamps,  ranging  from  5  to  13  cts. 
100,000— No.  9171  Receptacles— at  3  cents  each. 
Tubes,  Cleats  and  all  other  kinds  of  electrical 
apparatus.  50  Electric  Motors  from  1  to  40  H. 
P.  25  Generators  from  5  to  200  K.  W.  Tele- 
phones, Telephone  Wire.  Brackets,  etc. 

Wire  of  All   Kinds 

B.  B.  Telephone  Wire, 
$2.75  per  100  lbs.:  Barb 
Wire.  $2.00  per  lOO.lbs. ; 
Poultry  Netting,  An- 
nealed Wire,  all  at  very 
low  brrgain  prices. 
Write  for  complete  list 
an  '.  ._w  price. 


RECEIVERS'  AND  ASSIGNEES*  SALES, 
where  we  obtain  large  stocks  of  brand  new  mer- 
chandise. This  page  of  tempting  offerings  is  an 
accurate  index  to  thousands  of  inducements  that 
remain  unpublished,  and  the  price  is  lower  than 
you  ever  paid  for  such  exceptional  qualities. 
Space  does  not  permit  mentioning  a  thousandth 
part  of  these  wonderful  values,  but  we  have  se- 
lected some  of  those  representative  of  the  remark- 
able character  of  our  stock.  Through  the  entinr 
display,  however,  the  richness  of  qualities  is  i-e 
variable.  It  is  the  greatest  aggregation  of  bargains 
ever  placed  before  the  American  public.  It  has 
stirred  the  country  from  one  end  to  the  other. 
We  guarantee  every  statement 
—money  refunded  to  any  one 
not  satisfied  with  their  pur- 
chases. 
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Pipe,  All  Kinds  and  Sizes 


1  inch,  with  couplings,  per  foot $0.03% 

1%  inch,  wilh  couplings,  per  foot 04% 

3%  inch  casings,  with  couplings,  per  foot    .10 
4  inch  casings,  with  couplings,  per  foot..     .14 

This  is  first-class  piping  for  water,  gas,  oil, 
etc.,  and  in  excellent  condition. 

Office  Furniture 

From  the  St.  Louis  World's  Fai 
an  enormous  stock  of  Orn 
have  the  types  of  all 
that  is  comfortable, 
beautiful  and  lasting 
in  artistic  and  fashion- 
able designs.  The 
frames  are  marked  by 
grace  and  sha?e,:~ess 
of  form,  combined 
with  the  utmost  sol- 
idity of  construction. 
This  splendid  stock  consists  of  300  beautiful, 
solid  oak.  roll  top  office  desks,  exactly  like  illus- 
tration. Are  54  in.  long.  50  in.  high,  and  30  in. 
deep.  Securely  packed  for  delivery,  each,  $16.00. 

Saddle  seat,  tilting  back,  swivel   office  chair, 
quarter  oak,  golden  finish $2.75 

Drop  Top  Typewriter  Desks  at $13.50 


Modern  Plumbing'  Material 

A  20  to  50  per 
cent  saving  on 
anything  in  this 
line.  Some  sam- 
ples of  our  prices 
Handsome  com- 
plete   brand    new    Bath    Room    Outfits, 

at $25.00  to  $150.00 

Cast  Iron  Enamel  Bath  Tubs,  at  $12.00  to  $45.00 

Lumber 

100  million  feet  well  seasoned  Lumber  from 
the  St.  Louis  World's  Fair.  The  very  best 
grades  of  lumber  were  used  in  the  construction 
of  these  magnificent  buildings. 

Send  us  your  Lumber  bill  for 
our  estimate 

Save  30  to  50  per  cent  if  you  buy  at  once. 

We  are  offering  this  lumber  for  sale  at  prices 
far  below  the  original  cost.  You  should  take 
advantage  of  this  rare  opportunity  at  once,  as 
prices  on  lumber  are  advancing.  Quick  delivery 
to  those  who  purchase  now.  Full  description, 
information  and  prices  in  special  World's  Fair 
Catalogue. 

Factory  Enclosures 

1,000,000  square  feet  of  Js-inch  ribbed  factory 
glass  set  in  sash,  and  ranging  in  sizes  from  2  ft. 
x  2  ft.  8  in.  to  8  ft.  x  18  ft.,  practically  any  size 
you  may  require.  Here  is  an  opportunity  to 
enclose  your  factory  at  very  low  cost.  We  are 
quoting  this  material  in  large  lots  at  7%  cents 
per  square  foot.  We  can  load  it  in  car  lots  from 
either  our  Chicago  or  St.  Louis  headquarters. 

Roofing,"  Glass 

250,000  square  feet  of  %  and  %-inch  thick 
ribbed  Roofing  Glass,  18  inches  wide,  lengths  up 
to  10  feet. 

Special  low  prices  in  carload  lots. 


Card  Free. 


All  Kinds  of  Machinery 

Before  youTpurchase  any  machinery  it  will  pay 
you  to  get  our  list.  We  can  fit  out  the  factory 
or  business  plant  with  all  proper  machinery, 
electrical  apparatus,  engines,  boilers,  etc.,  even 
to  the  minutest  screw  or  bolt.  Air  compressors, 
pumps,  heaters,  planers,  lathes,  wood  working 
machinery,  laundry  machinery  and  refrigerating 
machines.  And  most  attractive  offer  of  all,  you 
would  save  the  profit  and  rake-off  of  a  half-dozen 
or  more  middle-men. 

Paints 

The  Premier  Brand  of  Paints 
is  the  heaviest  and  most  sub- 
stantial made,  ground  in  pure 
linseed  oil  and  sold  on  a  three 
year  guarantee.  We  bought  it 
at  SHERIFF'S  SALE  and 
the  price  we  are  offering  can't 
be  beat.  This  paint  will  keep 
its  brilliancy  longer  than  any 
other  brand  on  the  market. 
We  have  it  in  every  shade. 
Order  now  while  the  sale  lasts. 

Hardware,  Tools,  Nails,  etc. 

Wire  Nails per  100  lbs,  $1.50 

Manila  Rope per  lb.,      .08 

Jack  Screws  at ~ 

Tubular  Steel  Fence  Posts  at .31) 

All  kinds  of  hardware  and  innumerable  other 
articles  of  this  nature., 

Belting'  and  Fire  Hose 

We  carry  an  enormous  stock  of  Leather,  Rub- 
ber and  Canvas  Belting,  which  we  can  supply  in 
any  grade  desired.  50,000  feet  of  double  jack- 
eted, cotton,  rubber  lined  Fire  Hose  from  the 
World' s  Fair.    Most  of  it  has  never  seen  service. 

Steel  Roofing' 

$1.75  per  100  square  feet. 

Painted  both  sides,  dur- 
able, economical,  for  houses, 
sheds,  barns,  etc.  This  is 
our  No.  15  grade,  sheets  2  ft. 
x  2  ft.  Price  is  for  flat.  Cor- 
rugated or  "V"  crimpedcosts 
$1.85.  Sheets  6  and  8  feet 
long,  cost  25c  per  square  ad- 
ditional. We  prepay  freight 
in  full  to  all  points  east  of 
Colorado,  except  Oklahoma, 
Texas  and  Indian  Territory.  We  have  other 
grades.     Ask  for  our  special  Roofing  Circulars. 


ASK  FOR  OUR  SPECIAL  CATALOGUE  No.  586. 

It  lists  all  the  various  articles  we  have  for  sale.  Kindly  fill  in  the  coupon 
in  the  lower  k't  hand  corner.  Cross  the  items  in  the  advertisement  that 
interest  you  must,  and  we  will  send  you  full  descriptions  and  mail  you  our 
360  page  catalogue. 

Chicago    House   Wrecking    Company 

35th  and  Iron  Streets,  Chicago 


SFND   US  SPECIAL    EXPOSITION    CATALOGUE  AS  ADVER- 
TISED IN  THE  TECHNICAL  WORLD. 
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A  A  FOR  A  COMPLETE 
•^^ART  EDUCATION 


The  offer  already  accepted  by 
20,000  delighted  people.  Just  take 
a  minute  to  read  what  we  offer 
at  this  unheard  of  price  and  then 
send  for  it. 

Splendidly  illustrated.    Thorough,  practical,  complete.    ByChas- 
,  .Locations  and  originator  of 
correspondence  art  instruction. 

CONTENTS. 
TECHNIC— Working  with  p?n,  brush  'oil  and  water  color),  pastel, 
.nd  conte  crayon,  lead  pencil,  carbon  pencil,  scratch  paper, 
|    ite.  Ben  Day  machine,  silver  print  work.    Also  the  various 
effects  used  by  pen  artists,  including  quick  and  slow  lines,   English 
and  American  styles  of  treating  zigzag  lines,  hooked  lines,  quick 
lines,  double  cross  hatching,  stippling,  spatter  work,  etc.     Wash 
drawings.      Distemper   Drawings.      Tracing  and  copying  photo- 
graphs.    What  materials  to  use.  including  papers,  canvases,  and 
oards.    Tools  and  hew  to  handle  them.     Drawing  frr.m 
nature    including  landscape,    flowers,    animals,   figures,  permits, 
etc.      Drawing  -with    table    showing    comparative 

measurements  of  different  parts  of  the  human  bcly— head,  hands, 
feet.  legs,  arms,  etc.    COLOR— primary  and 

explained.  How  to  mix  different  shades,  etc.  Artistic  Anatomy 
—  The  bones  and  muscles  as  applied  to  pictorial  work.  I.ETTBK- 
INO—  •  .rinating.     Roman,  block,  old  English,  and 

mrrntary,  historic,  and  geometric  ornament. 
ers,  ornamental  composition,  J 
composition  (including  form  and  color  arrangement  and  balance 


J.      FACIAL    EXPRESSION- 
cntempt.  laughter.    Aerial  and  linear  per- 
1 A n.  —  H   m  t    s-11  pictures,  how  to  get  a 
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lic pictures  to  send  by 
-s  engraving  and  repro- 
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••  How  to  Illustrate  "  sent  prepaid  to  any  address  in  the  world  for 
fi.co.    (Limp  C 
A  more  handsomely  bound  edition  in  cloth  covers.  $1.50  prepaid. 
Remit  to-day,  as  this  offer  may  be  withdrawn  at  any  time,  or 
tend  x,  stamp  for  booklet, 

BROWN   PUBLISHING  CO. 

1648  FUtlron   Building,   New  York 


The  University  of  Rochester 

A  College  of  Liberal  Arts 

Scientific   Course  for  Technical 
Students 

sir  v«  :us  required  foi  oombiai  ■)  Collnga  rod 
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thoroughly  modern  equipment,    Sp<  i  lei  i  In  u- 
1.11  rod  catalogue  sent  on  application.   Addrees 
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F.  L.  LAMSON,  Registrar 
Rochester,  N.  Y. 
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Demand  for  Electricians 

GREATER  THAN  SUPPLY 
Learn  Electricity  al  borne  «  Itfa 
ImproTed  apparatus.  Own 
your  own  laborator)  ,  Weoffei 

|<  te  electrical 
t..rv  with  lUojtreted  manual 
of  Instruction!  at  ■  pi  Ice  with 
io  the  meani  "r  alL  W  rite  foi 
on  r  propoettton  and  «  i-",,\  ,,1 
the  Miiniiui. 

\  I  COLUMBIA  SCHOOL  SUPPLY  CO. 
Indianapolis,  Ind. 


Rensselaer     \ 

Polytechnic7^, 
S     Institute, 

'*'%       Troy,  N.Y. 

t.noa.1  examinations  provided  for.  Send  for  a  Catalogue. 
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,*M0*  SCIENTIFIC  BUS/jv£ss 

*•**  LETTER  WRITING  ** 

We  will  teach  you  by  mail  to  write  the  kind  of  letters  that  will 
buildup  business  to  tremendous  proportions;  commands  high 
Balary.  We  will  criticise  your  letter  of  Inquiry  free,  If  you  write 
for  full  particulars. 

Page-Davis  School  of  Business-Letter  Writing 

II.  pt,  .V>.->,  «M)  rTabaab  aw-mie,  f  IIICAUO,  ILL. 


AN  EDUCATION  WITHOUT  COST 

In  the  school  or  college  of  your  choice.    If  you  want  a  better  educa- 
tion and  lack  the  means  to  obtain  It,  here  Is  your  opportunity.    All 
expenses  paid  in  return  for  a  little  spare  time  work,  which  you  can 
ie.     address  SUCCESS!  ISAZU1 .  J2J  I  arranltj  HMl-.,  N.Y. City. 
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How  to  Remember" 

Sent  Free  to  Headers  ol  thia  f'ub!irntlon> 


Stop  Forgetting 


THE 

KEY  TO" 
SUCCESS^ 
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Yoti  are  no  gTeater  intellectually  than 

'your  memory.  My  course  is  simple,  inexpensive. 

'Increases  business  capacity,  social  standing;  gives  a. 1 

alert,  nady  memory  lor  names,  faceB,  business  details.  Develops  will, 

a' ion.  speaking,  etc,  Mv  Booklet,  "How  to  Kemember,"  sunt  free. 

DICKSON   SCHOOL  OF  MEMORY.  700   Kimball   Hall,  CHICAM 

FOR  SALE— Cyclopedia  of  Engineering,  four  volumes,  I 
in   half  Morocco.     Slightly  damaged.     Regular  price  $18.0(1 
will  sell  for  $3.00.     Address  T.  C.  P.,  care  Technical  Worlq 
Magazine. 
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Niagara.    Poem.     By  Florence  Wil- 
kinson.    Back  of  Frontispiece. 

Frontispiece.     Major  L.  W.  V.  Ken- 
non,  Tenth  Infantry,  U.  S.  Army. 

Wonderful  Railroad  into  Ocean.     By 

Frederic   Blount   Warren     .     . 

Great  Highway  for  Invisible  Power. 
By  Eugene  R.  White     .... 

From   the   Sierras  to  the    Sea.     By 
Wilbur  Bassett 


219 


233 


Building    the    Benguet    Road.       By 
Edward    B.    Clark 242 


Liquid  Stone  and  Its  Many  Uses.     By 
D.  N.  Harper 


Forecasting  andFighting  Great  Floods. 
By  John  Elfreth  Watkins     .     . 

The   Tunnel-Shaft.       By   Lawrence 
Perry    

Lighthouse   on    Storm-Swept    Rock. 

By  J.  Mayne   Baltimore     .     .     . 

The  Fate  of  an  Inventor.     By  Henry 
F.  Shaw 

Wonderful  New  Rival  for  Steam  Cars. 
By  David  Beecroft 


251 

259 

268 
274 


Life  Stories  of  Successful  Men.     J. 
R.  Booth.    By  Wm.  R.  Stewart    . 

Dinner-Pail  Philosophy 295 

Where  History  Was  Made     ....     296 

Mining  Mineral  Wool.  By  Aubrey 
Fullerton     

Engineering  Progress       

"Which  Branch  of  Engineering  Shall 
I  Take  Up?"  No.  VI.  Chemical 
Engineering.  Interview  with  Ed- 
ward Gudeman.     By  John  L.  Ray. 

Blowing  Off  Steam 


298 

306 
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311 

314 

316 


Chalk  Talks.  No.  XXVII.  The 
Corliss  Engine.  By  Carl  S.  Dow, 
S.  B 

Consulting  Department 318 

World's  Most  Crooked  Railway.  By 
E.  W.  Packard 

Hardening  of  Tool  Steel.  By  Edward 
R.  Markham 
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321 
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THr  TECHNICAL  WORLD  MAGAZINE  is  a  monthly  magazine,  published  the  fifteenth 
of  elchmolh  preceding  datldevrt"  to  the  problems  of  the  technical  and  industrial  world,  and  a 
treatment  of  all  matters  of  interest  in  Applied  Science. 

PRICE  :    The  subscription  price  is  $1.00  per  year,  payable  in  advance;  single  copies,  10  cents. 

HOW  TO  REMIT  :  Subscriptions  should  be  sent  by  draft  on  Chicago,  express  order,  or  Post 
Office  money  order. 

THE  EDITORS  invite  the  submission  of  photographs  and  articles  on  subjects  of  modern  en- 
gineering, scientific,  and  popular  interest. 

THE  article  by  Commander  Albert  Cleaves,  US.  Navy,  entitled  "Saving  Lives  and  Property  by 
Wireless,"  published  in  the  March  number  of  The  Technical  World  KaAmii .was i  taken  trom 
official  records  of  the  Navy  Department,  and  was  not  a  paid  contribution  to  me  Magazines. 
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Entered  at  the  Post  Office,  Chicago,  111.,  as  second-class  mail  matter 


iv  "  '   7Y/" 


The  Mystery 


I  he    Best    since    '  Treasure    Island' 


THE   AUTHORS 

STEWART    EDWARD    WHITE,    Author   of   "The   Blazed   Trail,"    "The  Silent 
Plai  "The    Forest,"    etc.,    Best   of    Outdoor   Writers 

SAMUEL    HOPKINS    ADAMS,    Author  of    "The   Flying   Death,"    etc.,   Master 

of    Plot  and   Story-Telling 


THE   CHARACTERS 

1 1  ER  M  ERHORN,         -        A  scientist,  who  finds  great  secrets  and  keeps  them 
PERCY  DARROW,  His  assistant,  whose  politeness  exasperates  his  enemies 

RALPH   SLADE,       -  A   reporter  searching  for  sensation  and  finding  it 

IAIN   SELOVER,  Tyrant  of  the  "Laughing  Lass" 

HANDY  SOLOMON,         -         -  Boatswain,  with  a  hook  for  a  hand 

THRACKLES,    PULZ,   PERDO  -         -         Part  of  the  worthy  crew 

.rkinson,  and   Men  of  U.  S.   Gunboat   "Wolverine" 

SCENE  —  The   Pacific   Ocean   and   a  Volcanic   Island 


THE   STORY 


CJ  The  Schooner  "Laughing  Lass"  is  found  abandoned  in  the  Pacific  with 
convincing  evidence  of  recent  occupation.  A  crew  is  put  aboard  only  to 
vanish;  then  a  second  crew,  whose  disappearance  deepens  the  wonder.  In  the 
solution  of  the  mystery  we  have  the  story  of  an  adventurous  voyage  the  like 
of  which    will    never    be   again    and   of  desperate    labors    on   a   volcano's    brink. 


BEGIN        YOUR  BSCRIPTION       WITH        M  A  Y  —  $1  .  0  0 

American 

{LESLIE*  S)  10  Cents  a  Copy      ::    ::    ::    ::    $1.00  a  Year 
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ADVERTISEMENTS 


begins  in  IMay 

"The   Best  since   'Treasure   Island'" 


Purged  by    Fire 

^  Harvey  O'Higgins  writes  about  the  training  of  men  who  go  into 
places  too  hot  to  hold  a  grafter — the  men  of  the  New  York  Fire 
Department.  Is  an  article  full  of  exciting  incident  with  a  big  idea 
behind  it.      The  photographic  illustrations  are  unusual. 

The   Author   of   "Pigs   is   Pigs" 

contributes  "That  Pup  of  Murchison's,"  which  upset  the  editorial 
gravity  of  this  office  and   will  turn  yours   topsy   turvy. 

Keep    Your   Eyes    Open 

for  the  work  of  Henry  Milner  Rideout,  whose  "Early  Bird" 
appears  in  May.  He  has  just  been  zigzagging  round  the  world 
and  this  is  a  story  he  ran  into  a  long  way  east  of  Suez. 

A   Rattling   Baseball    Story 

by  a  man  who  knows  the  diamond  as  well  as  he  knows  how  to  tell 
a  story — Edwin  Balmer.        To  read  it  is  worth  a  seat  on  the  bleachers. 

Other    Articles    and    Stories    by 

Broughton  Brandenburg,  Joseph  Blethen,  Mary  Cholmondeley, 
Owen    Oliver,    Mary  Talbot    Campbell,     Eleanor   Porter,    and  others. 


BEGIN        YOUR        SUBSCRIPTION       WITH       MAY  —  $1.0  0 

1M  agazine 


Send  all  Orders  to  COLVER.    PUBLISHING   HOUSE 

For  50  years  Frank  Leslie  Publishing  House)      141-147  Fifth  Ave.,  New  York 


{LESLIES) 


Men l ion  Technical  World  Magazine 


vi 


Till-    TECHNICAL   H\ 


Mention  Technical  World  Magazine 


ADVERTISEMENTS 


U^  U^ 


$1000.00 
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in  cash  will  be  divided  among  97  special  representatives  of  The  Tech- 
nical World  Magazine  sending  the  largest  lists  of  new  subscribers 
between  Feb.   1st  and  June  1st,   1906,  as  follows: 

$300.00  for  the  largest  list. 
$200.00    "      "2nd  largest  list. 
$100.00    "      "    3rd       " 
$50.00    "      "    4th       " 

$25.00   each  for  the  next  4  largest  lists. 


$15.00 

$10.00 

$5.00 

$2.00 

$1.00 


4 

5 

10 

20 

50 


RULES 


1.  Cash  prizes  will  be  awarded  only  to  special  representatives. 

2.  Wholesale  subscription  agencies  soliciting  subscriptions  by  means 
of  clubbing  offers,  etc.,  cannot  compete. 

3.  All  contestants  must  work  individually  and  not  combine  with  any 
other  representative. 

4.  Orders  will  be  credited  to  the  person  sending  them  in,  and  can- 
not be  transferred. 

5.  Yearly  subscriptions  only  count  in  this  contest.  Subscriptions  for 
two  or  more  years  will  be  counted  as  two  or  more  annual  subscriptions. 

6.  Cutting  prices  is  not  permissible,  and  subscriptions  so  taken  will 
be  cancelled  at  once. 

7.  Straight  subscriptions  taken  at  the  regular  price  ($1.00)  alone 
will  be  credited,  with  the  exception  of  such  combination  offers  as  may 
be  made  between  February  1st  and  June  1st,  regarding  which  all  repre- 
sentatives will  be  instructed. 

8.  All  subscriptions  received  in  envelopes  bearing  the  post-mark  of 
any  date  within  the  alloted  time,  will  be  counted  in   the  contest. 

9.  Any  agent  violating  any  of  the  above  rules  will  be  disqualified. 

Write  to-day  for  full  particulars. 

The  Technical  World  Magazine. 
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THE  WALL  STREET  LIBRARY 

AT!  .   bound 

Tl  m  S  inches 

I.  The  A.  B.  C.  of  Wall  Street. 

II.  Stock  Speculation. 

III.  Options  and  Artibrage. 

IV.  Anatomy  of  a  Railroad  Report. 

V.  Banks  of  Banking. 

£~  ancial  expert,   an<l  pre- 

it  I>*   •  i.    the   Library   is  of   the 

the  last  pane. 

II     YOU   ARE    A    BUSINESS   MAN 

!       hows  how  financial 

'  anticipate  them.     It  exposes 

chapters  on  stock  values  ami 

ten  times  the  price  of  the  work  to  an 

CLOSINO-OUT   SALE 

f~  ft  on  hand  from  our  last 

j  U- .  i  k  has  always 

::ie  remaining  sets  are  on  hand 

SEND    $3.00    TODAY 

£J  To  take  advan:  :'portunity  we  advise  you  to  act 

j  at  once.     Send  $3.00  in  check,  money-order  or  currency, 
and  the  five  volumes,  securely  wrapped,  will  be  sent  I 
the  day  your  order   is   I  We   prepay   all  delivery 

rhis  unusual  bargain  comes  to  an  end  as  soon  as 
the  sets  we  have  in  stock  are  sold.  Write  today. 

J.  \.  HILL  &  COMPANY,  44-60  East  23d  St.,  NEW  YORK 


J.  A.  HILL  &  CO.,  New  York.  T.  W.  5-06. 

•  f  the  Wall  Street  Library.    Enclosed  find 
-  a  ?et  (In  five  volumes )— regular 
repaid. 

NAME 


CITY  and  STATE. 


For  Good 
Printing 

Go  i<>  ;i  Shop  thai   Employs 

Good  Printers 


C  There  is  no  business  where  ilie  skill 

ami   efficiency  <»f  workmen   employed 

eonnl  for  more  than  in  (he  printing 
business.  C.  A  reeent  eash  award  of 
$1(10    to    one    of    the    pressmen    of    the 

W.  P.  Dunn  Co. 

by  Gilbert,  Harris  tit  Company,  for  the 
best  work  done  with  their  "Metallic 
(  )\  erla\  s,  "  is  only  an  index  of  the  kind 
of  workmen  employed  by  this  firm. 
C.  The  prize  was  competed  for  by  the 
pressmen  of   Chicago's    best    printers. 


C.  Here's    a    copy    of    the    letter    that 
accompanied   the  prize  : 

".Gil  Bl  kt,   Harris  &  Company, 

Patent  Metallic  Overlays,  158-164  Harrison  St. 

Chicago,  December  20,  1905. 
Mr.  John  Elmblad, 

Care  W.  P.  Dunn  Co.,  Chicago,  III. 
Dear  Sir:— We  take  pleasure  in  handing 
you  herewith  our  check  for  S100.00,  in  accord- 
ance with  the  decision  of  the  committee  of 
judges  composed  of  Mr.  A.  H.  McQuilkin, 
Mr.  Wm.  Lewis  and  Mr.  Frank  Kurth. 

With    the   compliments  of    the    season,   we 
remain,  Yours  truly, 

Gilbert,  Harris  &  Company, 
(Signed)     Glen  W.  Harris.  President." 


C.  We  print  The  Technical  World 
Magazine,  other  high  class  publica- 
tions, fine  booklets,  catalogs,  and  do 
good  printing  of  all  kinds  at  right 
prices.       C.  Let  us  know  your  needs. 


W.  P.  DUNN  CO. 

167  ADAMS  ST.,        CHICAGO 


Mention   Technical  World  Magazine 


ADVERTISEMENTS 


OF  all  the  printed  literature 
on  life  insurance  this  is 
the  only  book  which  treats  a 
policy  as  merchandise,  and  tells 
the  man  who  is  thinking  of  in- 
suring how  to  buy  intelligently. 
It  is  a  book  that  it  is  a  duty 
to  read  and  is  written  in  words 
simpler  than  your  policy.  ::  :: 
$1.32 Postpaid 


DOUBLEDAY.  PAGE  &Co.  NEWYORK. 


How  to 
Buy 
Life 
Insurance 

By  "Q.  P." 


LEAKS 

Only  15  per  cent  of  the  energy  of  a  ton  of  coal  burned 
under  a  steam  boiler  is  convertea  into  power.  The 
other  85  per  cent  is  paid  for,  but  lost. 

Mr.  Businessman— how  much  of  the  real  power  of 
your  business  engine  is  lost  through  overlooked  leaks, 
opportunities  to  sell  that  you  never  even  heard  about? 

PRESS  CLIPPINGS 

will  save  you  much  of  this  lost  business  energy.  They 
will  stop  up  the  selling  leaks,  open  up  new  markets 
for  your  goods  and  find  you  buyers  whom  you  would 
never  hear  about  in  any  other  way.  They  will  place 
before  you  every  scrap  of  information  printed  in  this 
country  pertaining  to  your  line  of  business  and  give  it 
to  you  from  day  to  day  while  it  is  fresh  and  valuable 
and  before  your  competitors  have  even  heard  of  it. 

The  International  Press  Clipping  Bureau, 

the  largest  press  clipping  bureau  in  the  world,  will 
send  you  everything  printed  in  every  newspaper,  maga- 
zine or  trade  journal  in  the  country,  on  any  subject 
you  may  select. 

This  bureau  reads  and  clips  55,000  papers  and 
other  periodicals  each  month,  and  even  if  you  are 
now  a  susbcrlber  to  some  other  clipping  bureau,  It 
■will  pay  you  to  investigate  our  superior  service. 
Write  for  our  book  about  Press  Clippings  and  our 
Daily  Business  Reports  and  how  they  may  be  ap- 
plied to  your  profit.  We  will  send  it  to  you  free 
and  will  also  quote  you  a  special  bargain  rate  for 
a  trial  month,  If  you  will  name  the  subject.  Address 

INTERNATIONAL 
PRESS  CLIPPING  BUREAU, 

125  Boyce  Building,  Chicago,  Illinois,  U.  S. A. 


FREE 

A    SAMPLE    COPY    OF 

WOOD 

CRAFT 


C  The  best  woodworking  journal 
published.  Send  for  one  and 
ask  for  our  premium  list  and 
terms    to    subscription     agents. 


WOOD    CRAFT 

500     Caxton     Building 
CLEVELAND.     -     -     -     OHIO 
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WANTED 


C  Let  us  know  what  you  want  to  buy.  It  you  arc  in  the 
market  for  am  machinery,  metal  working,  wood  working, 
electrical,  power  equipment  or  supplies,  till  out  the  blank 
below,  or  write  us  stating  specifically  what  you  want  and 
we  will  publish  your  requirements  free  of  charge  in  the 
MODERN    MACHINERY   DAILY  NEWS.        Write  at 

once  ami  remember  all  that  it  costs  you  is  a  postage  stamp 
and  the  time  it  takes  to  write.  Be  sure  to  give  sizes, 
specifications  and  hill  particulars  when  possible  regarding 
vour    IK  ( 


MODERN   MACHINERY  DAILY  NEWS, 

1308  Security   Building, 

Chicago.  Date, 

I   am 
N'TI.KM:  or         in  the  market  for    and  would  be  pleased  to  receive  quota- 

We  are 
rom  reliable  manufacturers  on  the  following: 


}  "it)\->   truly. 


CUT  OUT 


and  mail  the  above  to  MODERN  MACHINERY  DAILY 
NEWS,  which  publishes  your  requirements  FREE  OF  CHARGE. 
1308  Security  Building,   Chicago. 
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Success  Magazine 

The  Great  Home  Magazine  of  America 

Makes  this  Unequaled  Offer  for  a  Limited  Time  Only 


MEVER  before  in  all  our  wide  experience  have  we  been 
exceptional  value.  The  Continental  Encyclopedia 
bound  with  the  view  of  filling  a  long-felt  want  in  the 
home  and  office.  It  is  comprehensive  in  scope,  complete 
in  topics,  systematic  in  arrangement,  and  exceedingly 
convenient  for  use.  The  set  weighs  nearly  eight  pounds, 
is  seven  and  one-half  inches  high,  and  occupies  a  shelf 
space  of  eight  inches.  Encyclopedias  have  become 
almost  a  neces- 
sary adjunct  to 
business  and 
most  essential  to 
home  study. 
Questions  are 
constantly  com- 
ing up  which  re- 
quire d  e  fi  n  i  t  e 
and  authoritative 
answers. 


in  a  position  to  make  a  book  offer  of  such 
has  been  edited,   illustrated,   printed   and 


CKir 

Limited 
Offer 


You   Must 
Act  QuicKly 


Our  Price 
Only 


295 

uuiiuiiuiiiai  ' 

la/ 1 

Express  Prepaid 

Eight  Vols.,  Strongly  and  Richly  Bound  in  Red  Vellum  de  Luxe  Cloth 

Edited   by    CHAHLEST   LEOjVA'R'DSTEtOA'RT,    B.   A. 

Of  the  Staff  of  the  Encyclopaedia  Americana,  International  Encyclopaedia,  Biographical  Dictionary,  etc. 

NOTABLE    CONTRIBUTORS ?°n;  G£>ver  Cleveland;  Wu  Ting  Fang;  Hon. 

W.  J.  Bryan;  Dr.  Cyrus  Edson;  Gen.  F.  D. 
Grant;  Hon.  B.  B.  Odell,  Jr.;  Sen.  Henry  Cabot  Lodge;  Hon.  Geo.  B.  Cortelyou;  Maj.  E.  C.  Dutton, 
U  S.  Geological  Survey;  Prof.  A.  P.  Brown,  University  of  Pennsylvania;  Alexander  Winchell, 
University  of  Michigan;  Prof.  A.  C.  Coolidge,  Harvard  University;  Simon  Newcomb,  Director  U.  S. 
Naval  Observatory;  Prof.  G.  T.  Purves,  D.  D.,  LL.  D.,  Princeton  University;  Prof.  H.  S.  Williams, 
Cornell  University;  Prof.  S.  H.  Douglas,  University  of  Michigan;  Pres.  Charles  W.  Eliot,  Harvard 
University;  Edward  Everett  Hale,  Dean,  United  States  Senate. 

Over  sixty-five  thousand  important  subjects  are  treated  at  length.     The  latest  occurrences  of  interna- 
tional interest,  such  as  the  Russo-Japanese  Dispute  and  War— Panama's  Independence — Radium — 
—  Wireless  Telegraphy,  and  the  Alaskan  Boundary  Decision — all  have  their  places  in  this  most 
modern  work.     In  short,  there  is  much  later  and  better  information  in  this  set  than  in  many  a 
much  more  pretentious  work.     The  business  man,  the    teacher,  the   farmer,  the   profes- 
sional man,  the  student,  will  all  find  it  the  ideal  reference  work  of  modern   times,  where 
concise,  accurate,  up-to-date  information  can  be  had  on  every  subject  without  wasting 
words  on  non-essentials.     It  is  simple  truth  to  say  that   this  Encyclopedia,  if  offered  by 
subscription  on  the  installment  plan,  would  be  priced  at  not  less  than  $1.00  per  vol- 
ume or  $8.00  per  set.     By  dealing  direct  with  us  and  paying  cash  in  advance,  you 
make  an  immense  saving   on  agent's  commission,  cost  of  collecting  installments, 
and  other  managing  expenses  incident  to  the  subscription  book  business. 


WE   GUARANTEE  SATISFACTION 

We  will  send  the  eight  volumes  to  you,  neatly  packed,  express  charges 
prepaid,  upon  receipt  of  your  remittance  of  $2.95,  and  if  you  are  not 
thoroughly  pleased,  send    them   back    at  our  expense  and  we  will 
refund  the  amount  paid  by  you.  Y\\\  out  this  coupon 

You  must  act  quickly.  and  send  in  TO-DAY 

This  offer  is  limited. 


THE 
SUCCESS 
COMPANY 

Washington 

Square 
NEW  YORK 

Herewith  find  82.95,  for 
which     send     me,    express 
charges  prepaid,   The  Conti- 
nental  Encyclopedia,   8    vols., 
and  Success   Magazine   for    one 
year,  with  theunderstanding  that 
If  I   am  not  satisfied  I  may   return 
them  without  cost  to  me. 


Name. 

Address, 

Technical  E_ 
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turned 
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A  UNIQUE  INDEX 

i  dooos  index 

—  a  real  index. 
mere  list  of  titles — ■ 
it  up  to  date  in 
each  issue,  makes  in- 
s  t  a  n  t  reference  pos- 
sible, and  co-ordinates 
the  news  in  each  de- 
partment  so  that 
teachers  and  study 
clubs  can  follow  cur- 
rent events  readily  and  intelligently. 

THE  DEPARTMENT  METHOD 

i  U  the  news  is  classified  into  sixty  depart- 
ments, some  appearing  every  week,  others  less 
frequently,  according  to  their  relative  import- 


ant? this  is  the  point 

■■    ,i//  other  similar  publi- 

( instead  of  unrelated 

mplete  and  continuous  digest 

i  \  a)  oi  the  world's  prog- 

ih.it  particular  Geld. 

A  TIME  SAVER 

C  The  complexity  <>f  modern  life  makes  such 
ition  both  a  luxury  and  a  necessity 
to  those  whose  profes- 
sion  or  position  in  so- 
ciety requires  them  to 
keep  well-informed  and 
whose  time  is  too  pre- 
cious to  be  wasted. 


FOR  YOUNG 
PEOPLE 

C  The  ease  with  which, 
under  this  systematic 
treatment,  it  is  possible 
to  acquire  a  broad  and 
comprehensive  know- 
ledge of  our  own  times 
makes  The  Search- 
light invaluable  also 
to  the  young  people  in 
school  and  college,  who 
need  above  all  things 
to  learn  to  understand 
the  real  tendencies  of 
the  world  in  the  work 
of  which  they  are  soon 
to  take  an  active  part. 

IN  A  NUT  SHELL 

C.  It  is  the  paper  you  need  for  yourself  and 
your  family,  as  you  will  realize  if  you  heed  the 

Moral :    Subscribe  To-day 


Published  weekly  at  $2.00  a  vear.     Four  months'  trial  50  cents.     At  the  news  stands  5 
cents  a  copv.      Send  a  postal  for  a  sample  copy  and  a  list  of  special  combination  offers. 


THE    SEARCH-LIGHT   PUBLISHING   CO. 

24-26    MURRAY    STREET,    NEW    YORK 
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Practical  Electricity 

THE  BOOK  OF  MERIT 

Its  arrangements;  its  questions  and  answers;  its  dictionary;  makes  the  study  of  the  subject  a  pleasure 


There  are  XX  chap- 
ters or  subjects  carry- 
ing you  from  the  funda- 
mental principles  of 
electricity  on  through 
the  various  branches  to 
a  point  where  the  care- 
ful student  compre- 
hends the  complete  de- 
signing, care  and  opera- 
tion of  a  dynamo  or  a 
motor.  Each  subjectis 
carefully  written  and  to 
the  point.  After  a  stu- 
dent studies  a  subject, 
he  is  questioned  on  that 
subject  in  such  a  man- 
ner as  to  bring  clearly 
to  his  mind  the  points 
he  needs  to  know  re- 
garding same.  A  DIC- 
TIONARY in  back  of 
book  will  enable  him  to 
learn  the  meaning  of 
any  electrical  word, 
term  or  phrase  used  in 
this  book  as  well  as 
hundreds  of  others  in 
common  use.  All  re- 
quired tables  necessary 
in  the  study  are  in  it. 


-      PRACTICAL 


cavMp  AR 


pil'l-.uiHEp -BY      •'.-      ;'"-.  -■' 

VARlVlAmRUVVOBKS, 


Price    $2.00 
per  copy 

This  book  will  help 
you  in  the  study  of  elec- 
tricity as  no  other  book 
ever  has. 

The  offer  we  make  of 
refunding  money  if 
book  is  not  satisfactory 
upon  examination  is  AN 
UNUSUAL  ONE  in 
connection  with  the  sale 
of  a  book.  But  we  have 
no  fear  of  its  return. 
Your  decision  will  be 
what  thousands  of 
others'  have  been. 
Money  would  not  buy  it 
if  it  could  not  be  dupli- 
cated. We  could  print 
testimonials  by  the 
hundreds.  It  is  the 
best  to  order  and  be 
your  own  judge  of  its 
merits. 

We  are  now  selling 
the  fourth  edition.  No 
other  electrical  book 
has  ever  had  so  great 
a  circulation. 


Read  What  Our  Engineering  Department 
=  HAS  TO  0FFER  = 


AGENTS 

We  Manufacture 

Dynamos    and   Motors   like 
cut  from  8  to  150  lights 
and  V.  to  10  H.  P. 

Write  for  our  catalogue  and  pro- 
position in  reference  to  how  to 
sell,  and  commission  we  pay. 

Our  proposition  is  an  ideal  one 
for  any  man  who  is  connected  with 
a  power  plant  or  central  station; 
the  people  to  whom  you  furnish 
power  will,  in  most  cases,  favor 
you  if  you  but  tell  them  you  are 
agent  for  a  good  machine. 


Cleveland 
Armature  Worhs 

Cleveland,  0. 


DESIGNING 

We  will  design  and  furnish  Wind- 
ing Specifications  for  anything 
electrical. 

If  you  desire  to  manufacture  a 
line  of  Dynamos  or  Motors,  we 
will  sell  you  working  Blue  Prints 
and  Winding  Specifications  for 
making  machines  like  cut.  One 
frame  does  for  8  Machines,  2  Dy- 
namos and  6  Motors,  this  we  call 
a  set.  We  will  sell  you  Blue  Prints 
and  Winding  Specifications  for  a 
set  for  $50.00,  thus  enabling  you  to 
manufacture  your  own  machines. 
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CHICAGO  "-KANSAS  CITY. 

CHICAGO  —  ST.  LOU  IS. 

CHICAGO  —PEORIA. 

ST. LOUIS— KANSAS  CITY. 
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SAND-SAND-SAND 

EXCELLENT       LOCATION       FOR 

SAND-LIME    BRICK    PLANT 


<  deposit  of  sand  located  on  Seaboard 

iv,    which    has   been   thoroughly 

tested  -ults.       The  supply   is 

nd  the  demand  for   brick  in  the 

(in   which    district    is    the 

deposit)  is  not  supplied. 

<  f  unusual  quantity  and  quality  of  this 
the    further    fact     that    lime    can    be 

delivered  at  the  pit  at  a  very  small  cost,  this  is  an 
exceedingly  attractive  proposition  and  worthy  of 
m. 

i  particulars    furnished     on     application. 

^/Jddrejj      mentioning    Ihij    publication 

J  .    W  .     WHITE. 

General    Industri&l   Agent, 


SEABOARD 

Air    Line    Railway 

PORTSMOVTH VIRGINIA 


THE  GROWING  SOUTH 


N 


, .  c  i  i  1 1 1  k  section  It  forging  ahead  so  fast  aa  the 
South  i  ura,  boi  tlculture 

v    building    .mil    ccnciul   progress.     The 
tloag  tlio 

SOUTHERN    RAILWAY 

AND 

MOBILE  &  OHIO  RAILROAD 

'  ■  and  Improvement!  Ml 

i- 1    us.   ifJ.iO.IKIU.IXIO. 

Splendid  Opportunities  exist  In  Alabama,  Georgia, 
[>pi,  North  Carolina,  South  Carolina] 
:i.i  \  Lrginia;  and  in  Southern  Illinois  and 
Southern  Indiana,  for  in  i  I  ill  kinds;  in  tim- 

ber, mineral  and  other  lands.    Factory  Locations. 

s  all  conditions  are  favorable  f<>r  making  and 

marketing  Iron  and  steel  and  their  products,  all  kinds 

in      Ij   Bvei  v  other  line 

*1  Publication!  and  special  information 

furnished.     Our   department   is   p    Bureau   of   Free 

Informed  n  (  i  :ill  seeking  locations  or  investments. 


V.  RICHARDS,  Lund  and  Industrial  Agent 

Southern  Railway  and  Mobile  &  Ohio  Railroad 
Washington,   D.  C. 


Chas.  S.  Chask,  Agent. 
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Chicago,  III. 
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THE  ERIE,  THE   COMMERCIAL    RAILROAD 

Chicago    to    New     York 

^T   Thi     I  i  e   Railroad   System's  Industrial  De- 

^L.  partment  lias  all  the  territory  traversed  by 
the  railroad  districted  in  relation  to  resources, 
mai  r  manufacturing,  and 

can  advise  with   manufacturers  in  relation  to  the 
uitable  locations. 

For      full       information        address 

LUIS     JACKSON 

Industrial   Commissioner,    Erie   Railroad   Company 
21  Cortlandt  Street,       -        -        -        NEW  YORK 
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desire  to  fit  yourself  for  a  responsible  and  well-paid 
position,  fill  out  and  send  this  advertisement  to  us  to-day 
and  receive  our  200-page  handbook  (FREE)  describ- 
ing our  Civil  Engineering  course  and  over  60 
others.  This  is  your  opportunity.  Take  advantage  of 
it.     Write  NOW. 
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Booklets  illustrating  and  describing  the  summering  and  fishing  places  in  the  Lower 
Peninsula  of  Michigan.    Sent  post  free  to  any  address  on  request  to 

H.  F.  Moeller.  General  Passenger  Agent,  Pere  Marquette  Railroad 

322  UNION  STATION,    DETROIT,  MICHIGAN 


EVERY  LUXURY  OF  TRAVEL 

and  all  the  comfortable  appointments  of  a  modern  club  —  hot  and  cold  baths,  clothes  pressing  service, 
a  well  stocked  library,  the  current  magazines  and  periodicals,  services  of  a  skilled  barber,  a  roomy 
and  pleasant  parlor,  private  smoking  rooms  and  a  well  stocked  buffet,  are  at  the  disposal  of  those 
who  journey  between  St.  Paul  and  Minneapolis  and  the  Pacific  Northwest  on  the 

NORTH    COAST    LIMITED 

Many  of  these  conveniences  are  found  in  the  luxurious  observation  car,  unique  in  construction  and 
superior  in  attractiveness.  The  Pullman  standard  and  tourist  sleeping  cars  have  wide  and  comforta- 
ble berths  and  every  modern  facility  to  increase  the  pleasure  of  travel.  Through  dining  cars  in  both 
directions.  Write  at  once  for  full  information  about  very  low  summer  excursion  rates  and  the  Yellow- 
stone Park  side  trip,  en  route,  to  C.  A.  MATTHEWS,  Gen.  Agt.,  208  South  Clark  Street,  Chicago,  111. 
"Wonderland  1906,"  six  cents. 
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Between  St.  Paul  and  Minneapolis  and  the  Pacific  Northwest 
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General  Passenger  Agent 

St.  Paul.  Minn. 
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v^^^^lll'.  avenge  reader  of  Thb  Tbch- 
y  (~~\  ■  u  \i  World  Magazine  who  has 
^  J  no!  actively  followed  the  develop- 
^^^  men!  ol  Electricity  often  finds  that 
it  he  knew  only  .»  li';l<--  about  the  fundamental 
principles  of  the  science  he  would  be  greatly 
benefited.      It  is  to  this  end  that  the 

PRACTICAL  LESSONS 
IN    ELECTRICITY 

has  been  compiled.   The  book  is  7x10  inches 
in  size,  handsomely  hound  in  green  buckram, 
and  contains  300   pages  of  text,  with  ovc 
100  diagrams,  sections,  tables,  formuhe  and 
full-page  illustrations. 

fl  The  book  is  easily  worth  $2.00,  contain- 
ing as  it  docs  the  general  principles  of  Elec- 
tricity  as  applied  to  Electric  Vehicles  and 
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Storage  Batteries,  etc.,  and  Wiring  as  re- 
quired for  insurance  by  the  National  Board  ot 
Underwriters.  The  treatise  on  Storage  Bat- 
teries, by  Prof.  F.  B.  Crocker,  is  alone 
worth  more  than  the  cost. 
Q  Send  eighty  cents  (in  stamps  if  you 
choose)  and  we  will  send  the  book,  all  charges 
prepaid.  Mail  the  coupon  TO-DAY. 
Money  refunded  if  not  satisfactory. 
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NIAGARA 

By  Florence  Wilkinson 


HE  water  talked  to  the  turbine 
At  the  intake's  couchant  knee: 

Brother,  thy  mouth  is  darkness. 
Devouring  me. 

I  rush  at  the  whirl  of  thy  bidding ; 

I  pour  and  spend 
Through  the  •wheel-pit's  nether  tempest. 

Brother,  the  end  ? 
Before  fierce  days  of  tent  and  javelin. 

Before  the  cloudy  kings  of  Ur, 
Before  the  Breath  upon  the  waters. 

My  splendors  -were. 

Red  hurricanes  of  roving  worlds. 

Huge  wallow  of  the  uncharted  Sea, 
The  formless  births  of  fluid  stars. 

Remember  me. 
A  glacial  dawn,  the  smoke  of  rainbows. 

The  swiftness  of  the  canoned  West, 
The  steadfast  column  of  white  volcanoes. 

Leaped  from  my  breast. 

But  now,  subterranean,  mirthless, 

I  tug  and  strain. 
Beating  out  a  dance  thou  hast  taught  me 

"With  penstock,  cylinder,  vane. 
I  am  more  delicate  than  moonlight. 

Grave  as  the  thunder's  rocking  brow; 
I  am  genesis,  revelation. 

Yet  less  than  thou. 

By  this  I  adjure  thee,  Brother. 

Beware  to  offend! 
For  the  least,  the  dumfounded,  the  conquered, 

Shall  judge  in  the  end. 


The  turbine  talked  to  the  man 

At  the  switchboard's  cryptic  key: 

Brother,  thy  touch  is  whirlwind. 
Consuming  me. 

I  revolve  at  the  pulse  of  thy  finger. 

Millions  of  power  I  flash 
For  the  muted  and  ceaseless  cables 

And  the  engine's  crash. 
Like  Samson,  fettered,  blindfolded, 

I  sweat  at  my  craft ; 
But  I  build  a  temple  I  know  not. 

Driver  and  ring  and  shaft. 

^Vheat  field  and  tunnel  and  furnace. 
They  tremble  and  are  aware. 

But  beyond  thou  compellest  me.  Brother, 
Beyond  these,  where  ? 


Singing  like  sunrise  on  battle, 

I  travail  as  hills  that  bow ; 
I  am  wind  and  fire  of  prophecy. 

Yet  less  than  thou. 

By  this  I  adjure  thee,  Brother, 

Be  slow  to  offend  I 
For  the  least,  the  blindfolded,  the  conquered, 

Shall  judge  in  the  end. 


The  man  strove  with  his  Maker 

At  the  clang  of  the  power-house  door: 

Lord,  Lord,  Thou  art  unsearchable. 
Troubling  me  sore. 

I  have  thrust  my  spade  to  the  caverns ; 

I  have  yoked  the  cataract ; 
I  have  counted  the  steps  to  the  planets. 

What  thing  have  I  lacked  ? 
1  am  come  to  a  goodly  country, 

Wlitre,  putting  my  hand  to  the  plow, 
I  have  not  considered  the  lilies. 

Am  I  less  than  Thou  ? 

The  Maker  spake  with  the  man 

At  the  terminal-house  of  the  line. 

For  delight  wouldst  thou  have  desolation. 

O  Brother  mine. 
And  flaunt  on  the  highway  of  nations 

A  byword  and  sign  ? 

Have  I  fashioned  thee  then  in  my  image 

And  quickened  thy  spirit  of  old. 
If  thou  spoil  my  garments  of  wonder 

For  a  handful  of  gold  ? 
I  wrought  for  thy  glittering  possession 

The  waterfall's  glorious  lust ; 
It  is  genesis,  revelation — 

Wilt  thou  grind  it  to  dust  ? 

Niagara,  the  genius  of  freedom, 

A  creature  for  base  command  ! 
Thy  soul  is  the  pottage  thou  sellest ; 

Withhold  thy  hand. 
Or  take  him  and  bind  him  and  make  him 

A  magnificent  slave  if  thou  must — 
But  remember  that  beauty  is  treasure 

And  gold  is  dust. 

Yea,  thou,  returned  to  the  fertile  ground 

In  the  humble  days  to  be, 
Shalt  learn  that  he  who  slays  a  splendor. 

Has  murdered  Me. 
By  this  I  adjure  thee,  Brother, 

Beware  to  offend  ? 
For  the  least,  the  extinguished,  the  conquered, 

Shall  judge  in  the  end! 

— From  The  Outlook- 


L.  \V.  V.  KENNON. 
Tenth  Iniantry,  U.  S.  Army,  who  superintended  construction  of  Benguet  road. 
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HROUGH  trains  to  Cuba  ! 
A  railroad  track  which 
stretches  100  miles  out 
into  the  ocean  from  the 
southernmost  tip  of  the 
Florida  mainland !  Twin 
lines  of  steel  that  jump  from  one  to  an- 
other of  the  long,  low  coral  islands  which 
stretch  away  like  a  string  of  beads  from 
the  peninsula  to  the  southwest !  More 
than  five  miles  of  tremendous  concrete 
arches ;  and  more  than  fifty  of  rock  and 
earth  embankments,  over  all  which  solid 
Pullman  trains  will  run  into  the  City  of 
Key  West! 

Henry  M.  Flagler,  multimillionaire, 
sometimes  called  the  "King  of  Florida," 
dreamed  it  one  January  afternoon,  as  he 
sat  under  the  palms  that  grow  about  his 
sub-tropical  home.  Being  a  man  given  to 
making  his  dreams  come  true,  he  woke 
up,  and  set  a  multitude  of  men  to  work. 
Already  the  road  is  fast  being  con- 
structed. Within  three  years  you  may 
board  a  sleeping  car  in  Chicago  and 
never  leave  it  until  the  engine  whistles 
for  Havana,  Cuba. 


The  average  cost  of  extending  Mr. 
Flagler's  East  Coast  railroad  system  over 
the  southern  keys  and  islands  to  the  city 
of  Key  West,  will  be  $95,000  a  mile.  The 
railroad — which  begins  at  Jacksonville, 
and  the  present  terminus  of  which  is 
Homestead,  twenty-eight  miles  south  of 
Miami,  is  to  be  lengthened  126  miles,  at 
a  total  cost  of  between  ten  and  twelve 
millions  of  dollars. 

It  is  but  a  part  of  a  plan  whereby  its 
originator  hopes  in  the  near  future  to  en- 
able passengers  to  ride  from  American 
cities  to  the  pretty,  palm-shaded  Cuban 
capital,  without  leaving  the  cars  after 
going  aboard  in  the  United  States.  With 
the  completion  of  the  line  to  Key  West, 
huge  car-ferries  will  be  put  on  regular 
schedule  between  the  Florida  terminal 
and  Havana,  and  trains  will  be  conveyed 
afloat.  Passengers  will  then  enjoy  the 
unique  novelty  of  an  ocean  trip  of  be- 
tween four  and  five  hours'  duration ; 
while  seated  in  the  cars  of  a  train. 

Recognizing  the  importance  and  vol- 
ume of  Cuban  travel,  as  well  as  the  fu- 
ture freight-carrying  outlook,  Mr.  Flag- 
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HENRY  M.  FLAGLER. 
boOdinc  the  railroad  to  Key  West.     Mr    Flagler  was  one  of  the  original  founders  of  the  Standard  Oil  Company. 
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MAP  SHOWING  ROUTE  OF  FLORIDA  EAST  COAST  RAILWAY  EXTENSION  TO  KEY  WEST. 


lcr  has  long  been  planning  the  extension 
of  his  railroad  from  Miami  to  some  point 
where  a  deep,  roomy  harbor  would  ac- 
commodate ships  drawing  more  water 
than  is  afforded  at  Miami.  From  this 
latter  port  it  is  165  miles  by  boat  to  Key 
West  and  240  to  Havana,  while  it  is  but 
90  miles  from  Key  West  to  the  Cuban 
capital. 

Since  the  Spanish-American  war,  Cuba 
has  experienced  a  tremendous  commer- 
cial development,  and  as  a  winter  resort 
it  has  also  become  very  popular.  The 
new  line  which  Mr.  Flagler  is  now  build- 
ing promises  to  afford  much  better  fa- 


cilities of  communication  between  our  is- 
land neighbors  and  the  American  main- 
land. 

Construction  of  the  Road 

In  skirting  the  lower  edge  of  the  Flor- 
ida peninsula,  the  long  chain  of  islands 
extending  out  from  the  mainland  is  be- 
ing made  use  of  as  far  as  possible,  but 
only  about  65  miles  of  the  new  road  will 
be  built  on  natural  foundation.  The  re- 
mainder is  to  be  built  on  rock  embank- 
ments and  reinforced  concrete-arch  via- 
ducts. 

Starting  at  Homestead,  the  new  line 


"WHITEHALL,"  THE  MANSION  OF  HENRY  M.  FLAGLER  AT  PALM  BEACH,  FLORIDA. 
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,iii  coasl  storms,  the  piers  will  be  firmly 
anchored  to  the  bottom  to  prevent  them 
ng  out  of  line.  Into  the  rocky  bot- 
tom, piles  will  be  Mink,  and  carried  up 
,,,  within  two  i<  el  of  the  springing  line 
of  the  arches. 

Abutment   piers  are  to  be  put   in  al 

fifth  arch  ;  and  in  these,  28  piles 

will  be  used  ;  in  the  intermediate  pins.  21 

piles  will  be  sunk.     The  arches  will  be 

reinforced  with  circumferential,  square- 

i    |    ar  tli>-  outside  surfaces, 

and  with  transverse  bars  which  are  tied 

ther  with  one  half  inch  round  radial 

bars. 

In  between  the  spandrel  walls,  earth 
filling  will  be  used,  and  ballast  laid  on 


fto<r  of  /fan 


28  Piles  in  larye  Piers 

DETAIL  OF  CONCRETE-ARCH  CONSTRUCTION. 


the  passage  of  row-boats  and  small  craft ; 
and.  where  the  tracks  cross  three  import- 
ant channels,  drawbridges  will  be  put  in 
to  pass  larger  vess 

'ldic  concrete -arch  viaducts  will  he  the 
most  difficult  part  of  the  work.  There 
are  four  of  these,  aggregating  3.78  miles 
in  length.  They  will  be  from  Long 
Key  to  Conch  Key  i  10.500  feet),  across 
Knight's     Key     channel     ( 7.300     feet  I  : 

Key  channel  (7.800  i 
and  ;.  ihia  Honda  channel  (4,950 

The  standard   form  of  constnic- 

I  con- 
crete, circular-arch  spans  and  piers:  hut 
spans  will  he  used. 
The  water  is  from  ten  to  thirty  feet  deep 
in  m  m  is  lime- 

diese  water-  are  frequently 
storms, 
much  difneu!'  for  in  placing 

the  concrete.    All  material,  including  the 
the  concrete,  must  be 
v  hoat  from  Miami.    The 
is  quarried   near  this   town,  and   it  will 
ised  on  the  greater  part  of  the  work. 
Because  of  the  severitv  of  the  South- 


top  of  this  above  the  level  of  the  con- 
crete coping.  The  base  of  rail  will  ac- 
cordingly be  about  thirty-one  feet  above 
the  mean  low  water  level. 

Mr.  J.  C.  Meredith,  Mr.  Flagler's  con- 
structing engineer,  estimates  that  the 
amount  of  material  to  be  used  in  the  con- 
crete arches  is  206,100  cubic  yards  of 
sand,  286,800  barrels  of  hydraulic  ce- 
ment. 176,000  cubic  yards  of  stone,  and 
4,810  tons  of  steel. 

At  Bahia  Honda  harbor,  forty  miles 
southeast  of  Key  West,  where  there  is 
from  eighteen  to  twenty  feet  of  water 
and  a  good  entrance  channel,  a  working 
base  will  be  established  ;  and  when  the 
road  is  completed  to  that  point,  a  tem- 
porary service  to  Havana  will  be  inaug- 
urated. As  a  matter  of  fact,  Bahia  Honda 
really  offers  an  excellent  seaport  termi- 
nus. It  is  but  twenty  miles  farther  away 
from  1  lavana  than  Key  West.  The  reef 
bordering  its  harbor  is  broken  by  a  wide, 
deep  approach  channel  from  the  ocean, 
and  deep-draught  vessels  could  enter 
without  danger. 

The  floating  equipment  engaged  in  the 
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EARTH  FILL  FROM  KEY  WEST  TO  STOCK  ISLAND. 
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Extensive  docks  and  terminals  will  be 
built  in  K<\  West.  The  present  plans 
include  the  construction  of  one  large 
dry-dock  and  ten  wharves,  each  800  feel 
long  and  one  hundred  feel  wide,  with 
basins  200  Feel  wide  between.  The  great 
piers  will  afford  berths  for  forty  boats 
:i  el  long.  The  depth  of  the  water  is 
from  20  to    tn  fei  i. 

With  these  harbor  facilities,  Key  West 
will  almost  immediately  rank  with  New 
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Orleans,  Mobile,  and  Galveston  as  a 
commercial  port.  The  importance  of 
Key  West  as  a  southern  naval  base,  and 
the  weekly  presence  of  United  States 
naval  craft,  are  in  themselves  a  guarantee 
that  the  Government  will  maintain  a  good 
depth  in  the  harbor  and  channels,  allow- 
ing the  entry  of  vessels  drawing  much 
water. 

While  Mr.  Flagler  does  not  feel,  even 
after  the  Havana  car-ferry  is  in  opera- 
tion, that  the  Florida  East  Coast  Rail- 
way can  expect  to  compete  with  steamers 
from  Havana  to  New  York  and   New 


Ocean  and  the  Gulf  of  Mexico  can  be 
seen  from  the  car  windows,  is,  in  itself, 
sufficiently  unique  to  attract  passengers 
to  the  land  of  sunshine  and  flowers. 

The  mileage  of  the  Florida  East  Coast 
Railway  at  the  present  time  is  501.86, 
subdivided  as  follows :  Jacksonville  to 
Homestead,  main  line,  393.86;  Titusville 
branch,  47  miles;  Orange  City  Junction 
branch,  27.4  miles.;  Mayport  division,  26 
miles  ;  other  branches,  7.6  miles.  When 
the  Key  West  extension  of  126  miles  is 
completed,  the  system  will  have  a  total 
mileage  of  628.     The  value  of  the  road 
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Orleans  in  heavy  through  freight  traf- 
fic, he  does  believe  that  a  large  propor- 
tion of  the  passenger,  fast  freight,  and 
express  business  between  Cuba  and  the 
United  States  will  be  secured. 

Three  years  is  the  time  allowed  for  the 
completion  and  actual  operation  of  roll- 
ing stock  over  the  Key  West  extension. 
Engineers  who  have  to  deal  with  big 
problems  in  railroad  building,  and  who 
have  been  informed  of  Mr.  Flagler's 
plans,  have  unhesitatingly  said  that  it  is 
one  of  the  most  difficult  feats  to  be  un- 
dertaken by  any  transportation  system  in 
recent  years.  It  will  afford  one  of  the 
most  convincing  examples  in  the  entire 
country  of  the  value  of  reinforced-con- 
crete  construction.  The  idea  of  riding 
for  nearly  a  hundred  miles,  the  greater 
part  of  the  journey  almost  in  contact  with 
water,  while  but  a  short  distance  away 
foam-tossed    combers    of     the     Atlantic 


is  indeterminate,  since  its  owners  furnish 
no  financial  statements.  Its  stock  is  in 
few  hands,  and  changes  of  ownership  are 
almost  unheard  of ;  it  is  not  quoted  in  the 
financial  reports,  and  its  profits  and  earn- 
ings are  of  little  concern  to>  outsiders. 

The  older  part  of  the  Florida  East 
Coast  Railway  is  one  of  the  prettiest 
routes  in  the  eastern  half  of  the  United 
States,  traversing  as  it  does  a  section 
upon  which  has  been  lavished  all  of  the 
attention  that  a  vast  fortune  has  af- 
forded. 

The  rapid  evolution  from  primitive, 
unknown  little  clusters  of  cabins  and 
boarding  houses  scattered  among  the  co- 
coanut  and  palm  groves  in  southern  Flor- 
ida, to  perhaps  the  most  conspicuous  and 
magnificent  winter  resorts  in  the  coun- 
try, has  been  a  striking  example  of  mod- 
ern progress  and  enterprise.  The  change 
has  been  effected  in  twelve  years. 
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Mr.  Flagler's  Great  Work 
Late  in  the  eighties,  Henry  M.  Flag- 
ler began  to  build  a  railroad  south  from 
St.  Augustine  along  the  Atlantic  coast. 
The  pathway  oi  steel  was  pushed  down 
through  the  pine  and  palm  forests  into 
the  jungle-lands.  Resorts  and  towns  im- 
mediately sprang  up  along-  the  way.  A 
chain  of  hotels  costing  millions,  and  of 
their  kind  the  most  luxurious  in  the 
cmmtry.  were  constructed:  and  around 
them,  in  several  instances,  cottage  col- 
onies were  started,  to  which  came 
wealthy  pleasure-seekers  who  spend  their 
winters  in   the   semi-tropical  climate. 


Map  Showing  Relative  Position  of  Key  West 
and  Havana. 


(  )ne  would  think  that  Mr.  Flagler, 
with  so  much  of  the  great  development 
of  Florida  already  accomplished,  would 
be  content  to  rest.  Hut  he  does  not  seem 
content  to  rest  at  all.  After  the  railroad 
had  been  extended  to  Miami  Iiay,  and 
after  Miami — called  the  "Magic  City," 
because  of  its  rapid  growth — had  risen 
on  the  palm-dotted  shore,  everyone 
thought  that  here  there  would  be  a  halt. 
But  it  soon  appeared  that  the  halt  was  a 
long  way  off.  and  that  the  most  impos- 
ing features  of  .Mr.  Flagler's  plans  for 
Florida  were  yet  to  be  developed. 

The  road,  was  extended  into  a  forlorn 
wilderness,  but  the  people  no  longer  won- 
dered. Aside  from  learning  that  this 
wilderness  can  be  converted  into  one  of 
the  country's  garden  spots,  they  have 
been  brought  to  realize  the  impressive 
fact  that  a  railroad  through  to  Key  West, 
the  most  southerly  point  in  the  United 
States,  will  bring  this  country  into  the 
closest  and  quickest  possible  touch  with 
the  West  Indies  and  South  America,  and 
the  great  volume  of  shipping  that  will 
some  day  be  going  through  the  Panama 
Canal. 

With  an  immense  interchange  of  the 
products  of  the  northern  and  southern 
parts  of  the  Western  Hemisphere  pass- 
ing through  its  harbor,  Key  West  will 
become  a  great  port.    A  main  highway 
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of  trade  will  stretch  through  Florida. 
The  commerce  of  the  New  World  will 
be  stimulated. 

Again  reverting  to  the  wonder  of  the 
new  Flagler  extension,  it  has  been  said 
that  E.  H.  Harriman  regarded  the  Lucin 
cut-off  across  Great  Salt  Lake  in  Utah — 
built  for  the  purpose  of  eliminating 
about  100  miles  of  track  on  the  Union 


Pacific — as  the  monumental  achievement 
of  his  life.  Engineering  experts,  how- 
ever, assert  that  the  feat  of  bridging  the 
keys  is  a  much  greater  one ;  and 
economic  authorities  declare  that  no  simi- 
lar enterprise  of  modern  times,  with  the 
exception  of  the  digging  of  the  Panama 
Canal,  can  be  compared  with  it  in  com- 
mercial benefits  to  the  United  States. 


DISTANT  VIEW  OF  BAHIA  HONDA  KEY. 
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THE  most  wonderful  highway  in 
the  world  was  opened  last  month. 
It  stretches  like  a  broad  ribbon — 
from  300  to  100  feet  in  width- 
through  the  heart  of  New  York  State, 
beginning  at  the  brink  of  Niagara  Falls 
and  ending  at  the  city  of  Syracuse,  160 
miles  away.  Though  this  highway  is  so 
long  and  so  broad,  and  so  costly  to  buy 
and  construct — though  it  will  be  patrolled 
night  and  day  and  kept  constantly  in  per- 
fect repair — never  a  wheel  will  turn  over 
its  entire  length.  No  man  will  ever  be 
able  to  hear  or  to  see  anything  passing 
along  it.  Yet  it  is,  none  the  less,  truly 
a  highway,  over  which  will  continually 
pass  an  invisible  current  of  electricity 
strong  enough  to  do  the  work  of  90,000 
horses.  It  marks  the  present  climax  of 
the  long-distance  transmission  of  great 
quantities  of  electric  power. 

Scattered  along^this  private  roadway 
at  frequent  intervals,  are  great  steel  tow- 
ers. From  top  to  top  of  these  towers 
run  huge  cables  of  aluminum ;  and  it  is 


along  these  cables,  of  course,  that  the 
power,  generated  by  the  resistless  rush 
of  the  Niagara  water,  really  passes  in  its 
long  search  for  work. 

Not  only  is  the  opening  of  this  high- 
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way  an  event  of  great  importance  in  it- 
indicating  the   future  use., 
of  Niagara  power  in  particular 
and  hydro-electric  plants  in  general,  it  is 
decidedlv  prophetic.  ... 

Had  not  electric  transmission  been  per- 
fected to  the  degree  shown  in  the  line  ot 


the  Niagara,  Lockport  &  Ontario  Power 
Company,  there  would  have  been  in  a 
few  years  some  600,000  electric  horse- 
power developed  at  Niagara  which  must 
be  used  at,  or  very  near,  the  placed 
generation.  It  is  true  hat  long ;  traw- 
missions  have  been  installed  in  the  Wesl 
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but  in  each  case  the  power  was  sent  to  a 
point  where  fuel  was  comparatively  high- 
priced.  Central  New  York  is  near  the 
coal-beds  of  Pennsylvania ;  steam  power 
there  is  cheap.  In  this  case  and  in  oth- 
ers to  come,  electric  power,  sent  a  long 
distance,  will  meet  steam  power  made 
where  coal  is  cheap,  and  the  struggle 
for  supremacy  will  be  keen. 

There  is  every  indication,  however, 
that  the  territory  within  several  hundred 
miles  of   Niagara   Falls  in  every  direc- 


transmission  is  roughly,  under  present 
conditions,  about  500  miles.  The  cost  of 
the  power  at  the  generating  station  is  the 
first  factor ;  the  interest  on  the  transmis- 
sion line  investment,  the  second ;  the  op- 
erating expenses  and  depreciation,  the 
third.  If  these  factors  can  be  made 
cheap  enough,  power  can  be  sent  hun- 
dreds of  miles,  if  the  market  supplied  will 
pay  enough  for  the  power  when  it  gets 
there.  Any  region  within  500  miles  of  a 
substantial  waterfall,  where  fuel  is  cost- 


POWER  HOUSE  AND  DISTRIBUTING  STATION  OF  THE  ONTARIO  POWER  COMPANY. 

Here  the  power  which  is  sent  to  Syracuse  is  generated.    The  power  house,  at  the  foot  of  the  bank,  will  ultimately  be 

three  times  as  long,  developing  230,000  electrical  horse-power. 


tion  will  drink  up  with  economic  eager- 
ness every  bit  of  power  offered.  This  is 
due  to  the  fact  that  the  power  can  be 
generated  very  cheaply  and  transmitted 
great  distances  with  almost  a  negligible 
amount  of  loss.  The  transmission  line 
installation  of  the  Niagara,  Lockport  & 
Ontario  Power  Company  shows  the  high- 
water  mark  of  power  transmission  ;  and  it 
is  likely  to  be  the  model  for  years  to 
come,  although  in  all  matters  electrical 
there  is  bound  to  be  a  steady  advance. 

The  economic  side  of  power  transmis- 
sion presents  a  very  interesting  equa- 
tion. In  the  first  place,  it  is  possible  to 
transmit  power  any  distance ;  there  is  no 
physical  limit  to  the  length  of  the  line 
over  which  electrical  energy  might  be 
sent  if  the  line  were  only  constructed 
properly.     But  this  limit  in  commercial 


ly,  presents  an  inviting  side  to  the  hydro- 
electric capitalist.  The  greater  the 
amount  of  power  developed,  the  more 
easily  may  it  be  sent  long  distances,  for 
the  cost  per  unit  of  power  is  very  much 
less  the  greater  the  installation. 

Because  of  this,  Niagara,  unless  lim- 
ited by  legislation,  will  always  be  the 
electric  power  center  of  the  world.  Even 
if  the  power  is  restricted  to  the  present 
grants,  it  is  not  likely  that  the  world  will 
see  any  installations  as  great  as  those  in 
operation  to-day.  And  at  Niagara  the 
machinery  for  developing  power  is  be- 
coming greater  and  greater.  When  the 
plant  of  the  Niagara  Falls  Power  Com- 
pany was  built,  the  power  was  developed 
by  dynamos  with  5,000  electrical  horse- 
power capacity.  In  the  case  of  the  Ca- 
nadian   Niagara    Power    Company,  the 
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miles  of  the  Falls  are  commercially  made 

tributan  to  them.  . 

Tlu.M.  long  transmissions  oi  powe  m 
JgS  of  the  countrj  where  coal  is 
cheap  are  hastened  b>  the  coming  elec- 
tfica  ion  of  the  railroad  systems  in  New 
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icallv      Thus     the     Niagara     radius     is 
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nam  facturing  cities  within  at  least  250 


York  State  and  the  substitution  of  ele 
tromotive  power  for  steam  In  the  i 
stance  of  the  Niagara,  Lockport  &  O 
tario  Power  Company,  the  sending 
power  to  Svracuse  was  direct  y  caus- 
by  the  fact  that  the  New  York  Centi 
contracted  for  a  large  quantity  of  po%% 
to  be  delivered  there.    But  the  line  or 
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ERECTING  TOWERS  FOR  THE  NEW  TRANSMISSION  LINE. 
Buffalo  Division. 


there,  other  industries  are  served  both  at 
the  terminal  and  all  through  the  rich  and 
populous  manufacturing  district  through 
which  the  line  runs.  So,  too,  the  Electri- 
cal Development  Company,  generating 
power  at  the  Falls,  has  built  a  transmis- 
sion line  to  Toronto  because  it  has  a  cus- 
tomer in  the  street-car  system  of  that 
city.  This  power  will  be  sent  in  about 
another  year. 

So,  the  long  transmissions  solve  the 
question  of  what  will  be  done  with  the 
big  Canadian  developments  of  power  at 
Niagara.  Naturally  there  will  be  a  large 
home  use ;  and  the  center  of  the  power 
district  will  benefit  more  largely  than  dis- 
tant places,  because  power  must  always 
be  cheaper  at  its  source.  It  is  safe  to  as- 
sume, however,  that  a  very  large  propor- 
tion of  this  power  will  be  sent  elsewhere. 

The  transmission  line  just  built  is  a 
marvel  of  late  engineering.  Steel  towers 
replace  the  old  wooden  poles  of  earlier 
lines.  A  private  right  of  way  160  miles 
long  is  secured  for  the  work.  This  right 
of  way  is  300  feet  wide  at  the  start,  and 
it  narrows  down  to  100  feet  in  width 
near  Syracuse.  This  will  allow  the 
building  of  several  similar  lines  in  the 
future  and  the  sending  of  90,000  elec- 
trical horse-power  to  Syracuse,  while  the 


capacity  of  the  right  of  way  would  allow 
the  sending  of  200,000  electrical  horse- 
power to  Rochester,  which  is  90  miles 
from  Niagara  Falls. 
The  towers  are  550  feet  apart,  except 


Crossing  the  New  York  Central  Railroad  Track 

near  lewiston. 

View  looking  north. 
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There  arc  eleven  substations  along  the 


line,  where  the  power  is  stepped  down 
for  industrial  work.  \i  each  station, 
complete  lightning  arresters  or 
better,  dischargers  of  static  electricity 
are  put  in,  so  thai  lightning  will  nol  af- 
fect the  machinery  if  it  hits  the  cables. 

I  hi  use  i  if  aluminum  in  the  cables 
was  adopted  after  thorough  tests,;  and 
tlu'  cables,  of  nineteen  strands  each,  have 
been  tested  f< ir  ever)  sorl  of  strain  na- 
ture c.in  put  "ii  them. 

Other  transmission  lines  are  projected 
by  thr  Niagara  I  ockporl  &  Ontario 
Power  Company,  which  is  in  fad  the 
American  distributor  for  the  Ontario 
I  '■  iwer  (  Company  :  and  as  the  (  Ontario 
Power  ("ompany  is  installing  220,000 
horse  power,  making  it  the  largesl  power 
company  in  the  world,  it  is  believed  thai 
a  very  much  wider  territory  will  be 
broughl  into  the  Niagara  field  within  a 
few  years.  As  it  is.  the  transmission  to 
Syracuse,  in  the  amounl  of  power  sent,  is 
the  largest  transmission  yet  achieved. 
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The  Loafing  Business 

n.  follow  not  in  the  footsteps  of  the  loafer,  and 
make  no  example  of  him  who  is  born  tired,  for, 
verily,  I  say  unto  you,  his  business  is  overstocked, 
the  seats  on  the  corner  are  all  taken,  and  the 
whittling  places  are  all  occupied.  It  is  better  to  saw  wood  at 
two  bits  a  cord  than  to  whittle  at  a  whittling  match  and  abuse  the 
Government.  My  Son.  whilst  thou  hast  in  thy  skull  the  sense  of 
a  jaybird,  break  away  from  the  cigarette  habit,  for  lo.  thy  breath 
stinketh  like  a  glue  factory,  and  thy  mind  is  less  intelligent  than 
a  store  dummy!      Yea.  thou  art  a  cipher  with  the  rim  knocked  off. 

-ROBERT  J.  BURDETTE. 


From  the    Sierre^s  To  the  See>^ 

WILBUR    BASSETT 


PROJECT  to  bring  per- 
ennial streams  from  the 
heart  of  the  Sierras  across 
two  hundred  and  forty 
miles  of  mountain,  desert, 
and  plain,  to  the  gateway 
of  the  metropolis  of  Southern  California, 
has  fired  the  hopes  and  ambitions  of  Los 
Angeles  and  the  San  Fernando  Valley, 
and  given  new  impetus  to  the  tremendous 
growth  of  that  sunny  country. 

Twice  in  the  past  two  decades  has  the 
population  of  "The  City  of  Our  Lady  the 
Queen  of  the  Angels"  doubled  itself,  and 
still  the  steady  flow  of  homeseekers  into 
this  wmterless  valley  crowds  her  streets 
and  pours  out  into  the  surrounding  coun- 
try. With  a  growing  city  of  200,000 
people  supplied  by  but  2,600  miner's 
inches  of  water,  and  a  surrounding  coun- 
try demanding  more  water  each  day  for 
its  agricultural  and  domestic  needs,  the 
problem  facing  the  Angelenos  may  be 
said  to  have  reached  already  an  acute 
stage.  The  rapid  growth  of  the  cities 
and  towns  of  the  San  Fernando  Valley, 
and  the  extension  of  its  cultivated  areas, 
have  not  only  taxed  the  surface  streams 
to  the  utmost,  but  have  reduced  the  level 
of  underground  water  to  an  alarming  de- 
cree.    This  is  a  vallev  of  construction — 
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a  sort  of  pocket  gradually  filled  by 
detritus  from  the  Coast  ranges — and  its 
deep  gravel  beds  drink  up  greedily  the 
flood  waters  from  the  mountain  streams, 
and  maintain  a  great  body  of  under- 
ground water.  Yet  so  great  has  been  the 
demand  of  the  dry  fields  and  populous 
towns  above  them,  that  the  level  of  these 
waters  has  been  reduced  as  much  as  a 
hundred  feet  in  the  past  two  years. 

Out  of  this  crisis  has  arisen  a  daring 
and  spectacular  plan  which  has  already 
begun  to  move  toward  realization,  backed 
by  the  buoyant  confidence  and  ability  of 
a  virile  people,  and  the  financial  strength 
of  a  favored  land. 

The  Los  Angeles  river,  from  which 
the  city  is  now  supplied,  is  a  small 
stream,  quite  sufficient  for  the  needs  of 
the  early  valley,  and  for  the  city  when 
its  inhabitants  numbered  50,000 ;  but 
when  that  population  verged  upon  200,- 
000,  and  the  country  round  about  be- 
came highly  cultivated,  the  situation  be- 
came so  strained  that  legal  wars  between 
country  and  city  over  the  rights  in  the 
little  stream  waged  hotly  from  the  local 
courts  to  the  Supreme  Court  of  the 
United  States.  The  farmer  saw  the  cit- 
ies taking  all  the  surface  waters,  and 
noted  the  growing:  weakness  of  his  wells. 
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WILLIAM  MULHOLLAXD. 
Chief  Engineer,  Los  Angeles  Water  Project. 
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Not  all  the  gold  of  her  mountains,  the 
wealth  of  her  winter  sunshine,  or  the  al- 
lurement of  her  scenery,  could  hold  back 
the  imminent  desert  if  that  slender  sup- 
ply should  fail. 

But  the  deliverer  came  at  the  dramatic 
moment  in  the  person  of  an  engineer,  Mr. 
Fred  Eaton,  then  mayor  of  Los  Angeles, 
who,  as  ranchman  and  prospector,  had 
worked  his  way  up  the  canyons  and  along 
the  valleys  of  the  high  Sierras,  that  lie 
behind  the  Coast  ranges.  Two  hundred 
miles  northwest  of  his  city,  on  the  east- 
ern slope  of  the  mountains,  he  found  the 
Owens  river,  cradled  in  mountain  snows, 
pouring  through  lost  canyons,  and  issu- 
ing forth  into  the  saline  oblivion  of  Ow- 
ens Lake,  a  great  salt  sink  with  no  out- 
let. 

Here  was  a  Rhinegold  hoard  more 
precious  than  the  issue  of  a  host  of 
stamps  and  placers,  and  all  of  it  dissipat- 
ing in  the  parched  winds  of  the  desert 
pouring  over  it  from  Death  Valley.  He 
foresaw  the  future  needs  of  the  teeming 
San  Fernando  Valley,  and  laid  his  plans 
before  the  doubting  fathers  of  Los  An- 
geles. To-day  the  dream  is  on  the  road 
to  reality,  the  issuance  of  bonds  has  been 
begun,  water  rights  have  been  secured, 
and  able  engineers  are  at  work  upon  the 
details  of  the  undertaking. 

Two  hundred  miles  due  north  of  Los 
Angeles,  rise  the  snow-clad  peaks  of  the 
Sierra  Nevada,  crowned  by  the  dome  of 
Mount  Whitney.  15,000  feet  above  the 
sea.  The  eastern  walls  of  these  moun- 
tains are  steep,  and  broken  by  deep 
ravines  and  canyons  through  which  tum- 
ble the  waters  from  the  melting  snows  of 
their  summits.  Among  the  winding  can- 
yons are  diminutive  valleys  where  the 
waters  gather  in  natural  reservoirs,  a 
score  of  which  with  little  work  might  be 
converted  into  permanent  storehouses. 
Out  of  these  reservoirs  the  mountain 
streams  drop  into  the  Owens  river  val- 
ley and  flow  southeastward  toward  the 
desert,  only  a  small  amount  of  their 
waters  being  used  for  irrigation  of  the 
limited  pastures.  This  valley,  shut  in  on 
the  west  by  the  Sierras  and  on  the  east  by 
the  White  and  Coso  mountains,  opens  at 
the  south  into  the  terrible  Mohave  Desert, 
whose  dread  oasis  is  Death  Valley. 
Owens  Valley,  thus  poised  between  the 


desert  and  the  mountain,  is  ten  miles  in 
width  and  over  10Q  miles  long,  with  an 
average  elevation  of  4,000  feet.  Its  chief 
settlement  is  Independence,  the  outfitting 
point  for  the  Bullfrog  and  Goldfield  min- 
ing districts  in  Nevada.  It  has  about  500 
inhabitants.  News  of  the  plan  to  divert 
these  waters  has  aroused  the  townspeople 
to  believe  that  their  town  and  the 
valley   would  presently  be  left  without 


Map  Showing   Route  over  which  Water  will  be 
Brought  340  Miles  to  Supply  Los  Angeles. 

Tunnels  are  indicated  by  heavy  portions  of  black  line. 

water,  and  would  soon  return  to  the 
desert;  but  as  there  are  several  good 
streams  in  which  the  Los  Angeles  offi- 
cials have  no  rights  and  which  they  do 
not  intend  to  disturb,  these  fears  are 
groundless. 

The  topography  of  the  region  indicates 
that  the  Owens  river  once  debouched  into 
the  Mohave  basin,  and  found  its  way  to 
the  sea  then  lying  east  of  the  mountains. 
Lava  deposits  of  late  Tertiary  and  early 
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Not  all  the 


White  Mountains,  North  End  of  Owens  Valley. 


tunnels  through 
granite  ranges, 
a  n  el  over  200 
miles  of  mon- 
ster conduits 
from  the  moun- 
tains to  the  sea, 
the  total  cost  to 
a  p  p  r  o  x  i  mate 
$22,494,000,  and 
the   work   to  he 


Quaternary  times  plainly  tell  the  story 
of  the  outpourings  and  upheavals  which 
barred  the  egress  of  this  stream  and  left 
it  to  shift  for  itself  among  the  mountains. 
The  lake  which  its  pent-up  waters  have 
formed  is  ten  miles  long  and  sixteen 
miles  wide,  and,  in  spite  of  the  great  vol- 
umes of  water  pouring  into  it,  has  stead- 
ily been  shrinking  under  the  desert  sun. 
So  long  has  it  served  as  an  evaporating 
pan  that  its  waters  are  supersaturated 
with  soda  swept  into  it  by  wind  and  wa- 
ter. The  river  itself,  however,  has  so 
little  alkali  that  such  sweet-water  fish  as 
the  catfish  and  chub  abound  in  it,  and  the 
cottonwood  lines  its  banks. 

Officers  of  the  United  States  Reclama- 
tion Service  had  already  begun  to  formu- 
late a  plan  for  the  irrigation  of  parts  of 
the  Mohave  Desert  with  this  splendid 
stream,  when  the  Angelenos  appeared 
upon  the  scene,  and  by  prompt  action  se- 
cured it  for  their  own  use.  Without 
making  known  their 
purpose,  Mr.  Eaton 
and  his  associates  ac- 
quired all  of  the 
ranches  and  water 
rights  for  forty  miles 
above  the  mouth  of 
the  river. 

The  plans,  as  now 
proposed  by  Mr.  Wil- 
liam Mulholland,  Su- 
perintendent of  the 
Los  Angeles  Water 
Department,  with  the 
co-operation  of 
Messrs.  Lippincott 
and  Perkins,  of  the 
United  States  Engi- 
neers, provide  for 
three  great  reservoirs, 
seventeen     miles     of 


com  p  1  e  t  e  d  in 
four  years.  An  upper  reservoir  site  has 
been  selected,  about  sixty  miles  from  the 
head  of  the  river  in  Long  Valley,  which, 
with  the  construction  of  a  dam  100  feet 
high,  would  conserve  the  high  waters  of 
May,  June,  and  July,  and  could  contain  a 
year's  supply  at  a  consumption  of  95,- 
000,000  gallons  a  day  ;  but  it  is  thought 
that  it  will  not  be  necessary  in  the  near 
future  to  build  any  artificial  reservoirs  in 
the  headwaters,  as  the  impounding  res- 
ervoirs near  Los  Angeles  will  answer  the 
same  purpose. 

Construction  work  will  be  begun  about 
forty  miles  above  Owens  Lake,  at  a  point 
where  15,000  inches  of  water  have  been 
measured  in  October.  This  is  at  an  ele- 
vation of  4,000  feet,  and  is  200  feet  above 
the  lake.  From  here  the  waters  will  be 
carried  above  and  around  the  west  shore 
of  Owens  Lake,  and  on  to  the  south 
through  the  dead  valley  of  the  ancient 
river,   until    thev   reach   the   tossed   and 


Red  Rock  Canyon,  near  Lower  End  of  First  Tunnel. 
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the  i  ava  of  a  quarter  of  a  million  dollars  on  Cot- 

ruption    i  i  tonwood  creek,  a  precipitous  stream  flow- 

I  rhis  ing  into  Owens  I  ake.    Thus  will  be  at 

rried  on  forded  ample  power   for  drills,  ventila 

.,n  heat  and  tors,  conveyors,  excavators,  mixers,  and 

valley,  whose  all  other  machinerj  required  in  construe 

i,\  the  white  tion  work  throughout  the  course  ol  the 

O  fflduit. 

Below    tin-  first   tunnel  the   line  tends 
rs  will  be  car-      southwesterly  along  the  foothills  of  the 


■   VALLEY. 


ncrel       mduit  for- 

The  conduit  walls  will 

.inimum   thickness   of   six   and 

nd  will  have  a  capacity 

-  at  an  average 

-  per  hour.  <  >ne 

■    nduit 

struction  to  the  south- 

•'  e  first  tunnel  will 

riven  through  five  miles  of  granite 

that  block  the  way.   This  tunnel,  as  well 

teen  feet  wide 

igh,   with    an    arched 

imated  that,  with  three 

drill  each  end.  a 

-  day  will  tx 

sible.     Power  for  this  work  will  be  pro- 

from  a  plan:  I  at  a  cost 


Tehachapai  range,  rounding  the  southern 
extremity  of  the  Sierras  until  it  reaches 
the  precipitous  eastern  slopes  of  the  San 

Gabriel  Mountains,  where  it  turns  sharp- 
ly to  the  southeast,  skirting  these  wild 
and  lonely  foothills  to  the  vicinity  of  the 

headwater-  of  the  Santa  Clara  river. 
I  [ere  the  line  again  turns  abruptly  into 
the  mountains,  and  arrives  at  the  site  of 
the  chief  work  of  the  entire  undertaking. 
This  is  a  nine-mile  tunnel  to  be  driven 
through  granite  for  the  entire  distance, 
and  to  emerge  in  the  vicinity  of  Vincent 
and  Acton.  Just  below,  in  the  Soledad 
canyon,  an  eight-foot  inverted  siphon  will 
be  needed  to  bridge  over  a  depression 

On    to    the    southward    through    side 
canyons,  the  course  of  the  conduit  leads 


FROM  THE  SIERRAS  TO   THE  SEA 


239 


CRATER  OF  OLD  VOLCANO,  TINEMAHA  CREEK. 


into  the  heart  of  the  San  Fernando 
range,  through  which  the  third  great  tun- 
nel, five  miles  long,  pierces  to  the  head 
of  the  San  Fernando  Valley,  at  the  west- 
ern edge  of  the  San  Gabriel  forest.  Here 
a  vast  impounding  reservoir  will  be  con- 
structed, whence  the  waters  will  be  con- 
veyed to  all  the  towns  of  the  San  Fer- 
nando Valley,  in  which  Los  Angeles  with 
her  suburbs  is  located. 

Superintendent  Mulholland  proposes 
to  use  5,000  men  upon 
the  work,  and  to  push 
it  forward  with  the 
utmost  expedition, 
with  the  hope  of  com- 
pleting it  within  four 
years.  Forty  miles  of 
the  conduit  will  be 
constructed  along  side 
hills  in  a  very  abrupt 
and  inaccessible  coun- 
try, under  very  trying 
conditions ;  but  the 
remaining  140  miles 
of  surface  work  lies 
over  desert  soil,  in 
which  the  conduit  will 
be  sunk  readily,  in  the 
wake  of  the  excava- 
tors. The  tunnel  work 


will  total  seventeen  miles,  and  will  pre- 
sent the  chief  obstacles. 

Gold-bearing  gravels  and  promising 
ledges  of  quartz  along  the  upper  course 
of  the  work  have  aroused  some .  interest 
among  prospectors,  and  they  recall  the 
days  when  the  Chinese  construction  crews 
of  the  Southern  Pacific  Railroad  quit 
work  in  a  body  in  that  country  to  take 
up  placer  claims.  But  whatever  the 
shovel  and  drill  mav  discover,  it  is  cer- 


Owens  River  at  Independence  Bridge,  below  Diversion  Point. 
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suppl)  will  make  it  ap|  nsidcrable 

a    populous  valle) 

advances 

And 

itcd  land 

land  now  almost 

but   tin 

c  tlu'iu  fertile  and 

In  i\\\>  \\  hit  untn  .  \\  here  the 


;in<l  productiveness  her  permanent  suc- 
cess must  depend,  this  stands  in  more  or 
|<  ss  constant  fear  oi  ;i  scarcity  of  water. 
This  fear  will  cease  with  the  coming  of 
the  •  >wens  river;  and  the  day  that  finds 
the  valle)  thickly  populated  From  the 
mountains  to  the  sea  will  also  find  an 
alien  river  the  chief  artery  of  its  ex- 
istence. 

Another  element  of  the  project  which 
is  of  importance  to  the  future  of  Los 
Vngeles,  is  the  great  fall  of  the  river, 
which  will  afford  opportunity  for  the  de- 


OWENS   LAKE. 


-  fertile  and  crops  ripen  throughout 
»  no  problem  but  that  of 
water.    These  fertile  valley.-,  offering,  as 
my  attr.-i.  I     ns  1     the  small 
r  and  th<  '  special  crops, 

as  highly  cultivate 
the  s  f  Sic- 

ily :   and   the   time    is    fast   approaching 
when  the  I  river  will  be  to  Los  An- 

and  the  San  Fernando  Valley  not 
a  luxury,  but  a  necessity.     Los  An§ 
the  c:  cannot  now  spare  wa- 

fresh   the 

r  parks  :  her  fountains  are  dry. 

and  her  lakes  stagnant     And  as  for  the 

outlying  counl  o    whose   fertility 


velopment  of  power  for  municipal  pur- 
and  for  general  use.  Estimating 
the  flow  at  20,000  inches  and  the  fall  at 
some  4.000  feet,  there  is  the  rough  equiv- 
alent of  a  million  tons  of  water  pouring 
daily  through  a  fourteen-foot  channel  to 
a  fall  of  more  than  a  quarter  of  a  mile. 
-Mr.  Mulholland  estimates  that  the  de- 
velopment of  90,000  horse-power  will' be 
possible  and  practicable  along  the  course 
of  the  conduit :  and  more  than  half  of  it 
could  be  developed  at  the  point  where  the 
!  and  longest  tunnel  debouches  into 
the  San  Fernando  \  alley,  less  than  twen- 
ty-five miles  from  Los  Angeles.  He  es- 
timates that  the  sale  of  power  from  this 
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BLACK   ROCK 
Typical  scene  on  edge  of  Mohave  Desert,  across  which  viaduct  will  pass. 


plant  alone  would  meet  the  interest  on 
the  total  bond  issue. 

Thus  Los  Angeles,  with  the  first  issue 
of  bonds  for  this  great  enterprise,  has  al- 
ready entered  the  vexed  arena  of  munici- 
pal ownership,  where  she  will  doubtless 
find  a  solution  of  the  problems  of  water, 
light,  and  power,  and  in  time  should 
have  a  source  of  revenue.  The  realiza- 
tion of  these  splendid  possibilities  has  not 
only  aroused  the  ambition  and  civic  pride 
of  the  city,  but  has  so  deeply  impressed 


the  people  of  a  score  of  neighboring 
towns,  that,  reading  the  handwriting  on 
the  wall  which  seems  to  spell  a  splendid 
civic  future  for  Los  Angeles,  they  are 
gathering  about  her  to  become  part  of  a 
"Greater  Los  Angeles,"  which  shall 
stretch  from  San  Pedro  to  Pasadena,  and 
which  shall  be  a  lasting  testimonial  to  the 
engineering  ability  and  business  courage 
of  the  men  who  will  bring  the  Owens 
river  through  240  miles  of  canyon  and 
desert  from  the  Sierras  to  the  sea. 


Tempora  Labuntur 

fF  only  myself  could    talk   to   myself 
As  I  knew  him  a  year  ago, 
I  could  tell  him  a  lot 
That  would  save   him  a  lot 

Of  things  he  ought  to  know. 
—KIPLING. 
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i     up     in     tlw 
tin  first  thing  we 
•■' had  to  d< •  was  to  scraj 
the     mould     which     had 

niijit    mi    cur 

k^**""  Kid  gloves  we  had 

air-tight        .'<  d  glass    i.us. 

to    prevent    their 

and    needles    rusted 


v»l 


rhis  statement,  made  l>y  an  American 
woman  reccntl)  returned  from  the  Phil- 
ippine Islands,  furnishes  tlu   real  reason 

it'  one  reads  between  the  lines—  for  the 
building  of  the  greal  Benguet  road, 
which  runs  from  the  seaport  town  of 
Dagupan  up  to  the  mountain  village  of 
Baguio,  thirty-five  miles  away  in  the  in- 
terior of  the  great  island  of  I  ,uzon. 


A    CONSTRUCTION   CAMP. 


t  them,  if  ex- 

the  air.     hay  after  day,  night 

lay    in    our   darkened 

■ 

ble.  |  reath,  and  listening  to 

the    ;  lealing     of     the     pigs, 

•i  cut  by  our  little 

nd  the  animals  left  to 

bleed    to    death,  the  Filipinos  believing 

that  that  process  of  slaughtering  adds 

some    obscure    virtues    to    the    resulting 


It  was  the  great  heat  in  Manila  and 
the  lowlands  of  the  island  which  made 
it  absolutely  necessary  to  provide  some 
easy  and  safe  means  of  communication 
with  the  cooler  and  more  salubrious 
country  of  the  interior.  Now  the  I3en- 
guet  road  has  been  completed,  and  Ma- 
jor L.  W.  V.  Kennon,*  the  officer  in 
charge  of  its  construction,  has  returned 
to  the  United  States,  having  full  knowl- 
edge of  the  fact— though  he  modestly 
withholds  it — that  he  conducted  to  a  suc- 


Kennon's  portrait  forms  the  frontispiece  of  this  number. 
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SECTION   OF   BENGUET  ROAD   ROUNDING  A   CLIFF. 
The  mortar  wall  rests  on  a  concrete  beam.    In  foreground  is  shown  masonry  work  of  a  type  necessary  at  several  point. 
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■■ 

ill  conclusion  one  of  the  most   re- 
markable  engineering   works   of    recent 

It  has  been  said  that  the  heat  of  Manila 
•r  the  building  of  the 
to  Baguio.    Touching  the  necessity 
stablishing  of  means   of  com- 
munication  with   the  cool   highlands  of 
at    Province,   Major    Kennon    has 
written  this  : 

re  hotter  places  than  the  lowlands 

of  the    Philippines— hotter  places   than    Manila 

none    where    there    is    such    a 

mtinuity  of  heat,  day 

.   week  after  week,  month  after 

•  the  whole 

■ 

S  the 
the 

I 

-  iffered    from 

the  effects  of  it,  and  search 

me    C",| 

'•    ere 

-   ■   >uld 

• 

The  Spaniards  built  a 

horse    trail    to     Baguio, 

planned     to     erect 

there   a    sanitarium   and 

hotels     where     the    sick 

E  ht  seek  recovery,  and 
where  the  well  might 
seek  relief  from  the  heat 
of    the    lowlands.      The 


Spanish   worked    tailed   (>\   consummation 

because  ol  the  wai   with  America. 

I  lagupan,  the  tow  rj  from  which  the 
Benguel  road  starts,  is  connected  1>\  a 
railroad  with  Manila.  The  distance  is 
about  120  miles;  and  as  the  means  of 
conveyance  are  modern,  invalids  can 
make  the  journey  without  distress.   From 

Dagupan  to    Baguio,  a   distance  of  about 

35  miles,  runs  the  Benguel  road  through 

one  of  the  most  wildly  picturesque  coun- 
tries on  the  face  of  the  globe.  Thanks 
to  American  engineering  ingenuity,  the 

Benguel  road  is  safe  and  smooth,  not 
withstanding  the  fact  that  it  skirts  cliffs. 
crosses  mountains,  dips  and  ascends,  and 
makes  its  way  through  a  country  so 
rough  that  when  the  American  engineers 
first  looked  on  its  face  they  were  in- 
clined to  doubt  that  a  "civilized"  high- 
way was  possible. 

Work  upon  the  Benguet  road  was  be- 
gun  in  January.  1901.  In  eighteen 
months'  time  some  work  had  been  ac- 
complished, but  the  laborers  had  been 
few  and  the  conditions  for  construction 
were  not  of  the  best.  In  June,  1903, 
Major  L.  \\'.  \.  Kennon  wras  placed  in 
charge  of  the  work  upon  request  of  the 
members  of  the  Philippine  Commission. 
The  force  of  laborers  was  largely  in- 
creased, and  every  effort  was  made  to 
complete  the  road's  construction  in  a 
space  of  time  which  might  stand  as  a 
record.  It  should  be  said  here  that  at 
the  time  Major  Kennon  took  charge  of 
the  work  an  entire  change  in  the  method 
of  construction  was  necessary  because  of 


Footbridge  Constructed  of  Telegraph  Wire. 
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the  instructions  of  the  Philippine  Com- 
mission that  the  roadway  should  be  pre- 
pared so  that  upon  it  eventually  there 
might  be  placed  the  track  for  an  electric 
railway. 

In  a  report  upon  the  matter,  Major 
Kennon  has  said  that  the  part  of  the  road 
constructed  up  to  the  time  that  he  was 
placed  in  charge  had  been  made  for  or- 
dinary wheel  transportation  only,  and 
that  it  was  a  cart  road  rather  than  a 
wagon  road.  It  had  many  steep,  adverse 
grades  "and  turns  too  sharp  for  heavily 
loaded  wagons  drawn   by  more  than  a 


Native  Bullock  Carts  on  the  New  Road. 


pair  of  animals.  It  was  in  no  way  fitted 
for  use  as  the  bed  of  a  railway." 

The  new  officer  in  charge  found  that 
no  surveys  existed  which  could  be  util- 
ized in  making  estimates  for  the  con- 
struction of  the  highway  under  the  newly 
imposed  conditions,  and  immediate  sur- 
veys were  ordered  for  that  purpose. 

The  Benguet  road  follows,  save  for 
the  first  seven  miles  of  its  course,  the 
Bued  river  canon  to  Baguio.  In  the 
words  of  the  superintendent  of  the  work, 
the  descriptions  of  the  Bued  river  canon 
as  given  before  the  work  of  road-building 
began,  "fell  short  of,  rather  than  ex- 
ceeded, the  truth  as  developed  by  the 
actual  work  of  construction." 

The  first  engineer  who  had  charge  of 
the  work  seems  in  a  measure  to  have 
realized  the  difficulties.  He  reported  that 
after  the  line  once  entered  the  moun- 
tains proper,  bad  cliffs,  landslides,  steep 
slopes,  and  constant  ravines  were  the  or- 
der m  of   things,    and    that    these    natural 


characteristics  would  require  masonry, 
dry  walls,  truss  bridges,  extensive  rock 
cuts,  and  large  fills. 

Another  engineer,  in  writing  of  con- 
ditions at  a  certain  point  of  the  pro- 
jected road,  said  in  effect:  "Slopes  here 
stand  at  angles  of  such  excessive  steep- 
ness that  the  slightest  disturbance  of 
their  natural  condition  starts  a  slide  that 
may  not  check  itself  until  hundreds  of 
thousands  of  yards  of  earth,  broken  rock, 
and  trees  have  come  hurtling  down." 

Entering  the  Bued  river  canon,  the 
plan  of  building  was  to  keep  the  road- 
bed, as  far  as  possible, 
above  the  reach  of  high 
water  and  on  the  foun- 
dation of  solid  rock.  Be- 
cause of  the  instability 
of  ground,  which  to  the 
eye  appeared  to  be  ab- 
solutely firm,  there  were 
places  found  in  the 
canon  where  solid  foun- 
dations could  not  be  se- 
cured and  where  land- 
slides were  inevitable. 
The  existence  of  such 
places  necessitated  car- 
rying the  road  across  the 
river  to  so  m  e  place 
where  solidity  was  as- 
sured. As  a  result  of  this 
constant  crossing  of  the  river,  bridges 
became  necessary  at  short  intervals  ;  and, 
as  a  matter  of  fact,  there  are  eleven 
bridges  over  the  Bued  river  in  a  distance 
of  as  many  miles,  with  numerous  smaller 
structures  crossing  the  tributaries  of  the 
main  stream. 

In  order  that  the  road  might  be  safe, 
it  was  necessary  to  remove  from  above 
the  grade  vast  quantities  of  loose  rock 
and  earth,  and  at  times  whole  forests 
were  stripped  away.  Naturally  the  cut 
made  for  the.  roadbed  increased  the  dan- 
ger of  landslides,  notwithstanding  the 
fact  that  everything  loose  was  torn  away 
by  the  workmen  to  a  point  where  the 
ground  seemed  absolutely  stable.  One 
place  in  the  canon  was  found  where  the 
surface  seemed  so  treacherous  that  the 
cliff  was  cut  back  and  stripped  to  a  point 
nearly  300  yards  above  the  line  of  the 
grade.  Here  the  canon  walls  seemed 
equally  treacherous  on  both  sides  of  the 
river,  and  the  selection  of  one  side  for 
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A   POINT  OF  DIFFICULT  CONSTRUCTION. 
Typical  of  many  views  along  route  of  Benguet  road. 
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the  roadbed  was  made  only  because  the 
mountain  on  that  side  had  less  elevation 
than  it  had  on  the  other. 

In  blocking-  out  the  roadway,  Major 
Kennon  and  his  engineers  adopted  the 
rule  of  removing  only  enough  of  the 
earth  and  rock  from  the  slopes  to  make 
the  road  safe  for  travel  during  the  dry 
season.  No  permanent  work  was  at- 
tempted until  the  roadbed  and  the  slopes 
had  been  subjected  to  the  effects  of 
erosion  during  at  least  one  rainy  season. 

One  must  experience  a  rainstorm  in  the 


a  flood  which  cleaned  the  place  expeditiously, 
completely,  and  at  no  cost  to  the  Government. 
The  rock  on  which  the  permanent  road  is  built 
was  exposed,  and  the  ravine  of  Copper  King 
creek,  which  had  been  filled  with  the  fallen 
boulders,  was  entirely  cleaned  and  made  ready 
for  the  bridge  planned  to  cross  it. 

"A  rainy  season  was  especially  valuable  in 
this  way  and  also  in  others.  Rifts  and  fissures 
across  the  roadway,  which  had  been  filled  by 
falling  rock  when  the  road  was  blocked  out, 
were  cleaned  out  by  floods ;  and  the  permanent 
bridges,  culverts,  or  walls  subsequently  were 
constructed  on  solid  rock  foundations." 

Under    the    requirements    set   by   the 


AT  WORK   ON   A    SIDE   HILL. 


Province  of  Benguet  to  get  an  idea  of 
what  a  heavy  rain  really  is.  In  one  day 
of  last  July  there  was  a  precipitation  of 
eighteen  inches  along  the  highway. 

At  one  point  of  the  road,  to  quote  from 
Major  Kennon,  "the  cliff  required  stripping 
to  a  height  of  312  feet  to  obtain  a  slope  of  1 
to  1,  which  was  thought  the  least  slope  allow- 
able for  the  ground.  To  effect  this  in  the 
dry  season,  Copper  King  creek  was  diverted 
and  brought  by  a  trough  to  a  point  where  the 
cut  was  to  be  made.  Thousands  of  tons  of 
loose  earth  and  rock  were  brought  down  by 
this  hydraulic  method,  and  formed  a  talus 
reaching  far  into  the  river  bed.  Manifestly, 
to  clear  this  out  with  pick,  shovel,  bar,  and 
dynamite,   would  be  a  slow,   costly  operation. 

"A  provisional  road,  therefore,  was  made 
over  the  debris,  which  was  used  during  the 
dry  season.    The  first  heavy  rainfall  produced 


Philippine  Commission,  the  line  of  the 
road  was  laid  out  in  curves  and  tangents, 
the  grades  being  kept  within  the  limits 
practicable  for  electric  traction.  The 
maximum  curvature  corresponds  to  a  ra- 
dius of  82  feet,  but  this  occurs  in  one 
place  only.  There  are  no  reverse  curves, 
a  tangent  at  least  equal  to  a  car  length 
being  placed  between  the  curves.  The 
line  was  laid  out  with  spiral  easements. 
Upon  the  permanent  line  there  are  no  ad- 
verse grades,  but  a  few  short  ones  occur 
in  the  approaches  to  temporary  bridges. 
The  gradient  has  a  maximum  of  9  per 
cent,  and  the  longest  stretch  is  less  than 
one  mile  in  length. 

The  bridges  over  the  Bued  river  are  all 
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and  sufficiently  strong  for  ordinary  traffic  One 
of  them  bore  the  weight  of  twenty-one  large 
American  mules  and  their  parks  without  per 
ceptible  straining,  ["he  special  feature  in  th<  i 
bridges  is  the  substitution  of  a  portal  for  the 
usual  towers.  The  cost  of  lumber  was  ex 
ceedingly  high.  At  the  bridge  below  Camp 
Four,  a  trestle  of  about  fifty  feet  in  height 
would  have  been  required  to  serve  as  a  tower, 
The  experiment  was  tried  of  building  a  trestle 
to  the  height  of  the  roadbed,  and  of  placing  a 
portal  on  its  cap 

"In  the  first  bridges,  the  portal  was  hinged 
to  the  cap;  but  in  the  later  bridges  the  rap  of 

the    trestle    and    sill    of    the    portal    were    drift- 


TEMPORARY   BRIDGE   OVER   GULLY. 


Pr'?I„\°]J>Uiildille  thu  nfW  ^enguet  road-  the  Cliff  here  shown  was  crossed  by  climbing  the  rone  to  reach  a  mnrP 
gentle  slope  on  the  further  side.     This  bridge  was  destroyed  by  a  landslide,  2nd a "new  one  has  been  buiU 


BUILD IX (J   THE   BENGUET  ROAD 


249 


bolted  together.  Two  doubled  one-inch  steel 
cables  were  used,  one  on  each  side,  with  sus- 
penders of  one-half-inch  steel  cable  doubled. 
Each  cable  and  each  suspender  were  spliced 
end  to  end.  The  cables  passed  around  large 
blocks,  which  were  adjustable  by  screw-threads 
cut  on  the  rods  connecting  with  the  anchorage. 
"For  anchorage,  wrought-iron  bars  one  and 
a-quarter  inches  in  diameter  were  let  into 
holes  of  about  IS  feet  in  depth  drilled  into  the 
solid  rock.  A  chamber  was  made  at  the  foot 
of  each  hole  by  the  explosion  of  a  small 
quantity  of  dynamite.  The  bar  was  split  at 
the  end  and  spread  in  this  chamber,  and  the 
hole  grouted  with  cement  mortar.  The  bars 
were  bent  to  the  angles   required,  and  bolted 


Italians,  Spaniards,  Hawaiians,  Mexi- 
cans, Russians,  Germans,  Irish,  English- 
men, Frenchmen,  Swedes,  Africans,  and 
representatives  of  many  other  peoples, 
including  several  North  American  In- 
dians. 

These  men  were  provided  for  in 
camps.  All  the  nationalities  represented 
worked  harmoniously  together,  and  there 
were  few  instances  of  crime  noted  dur? 
ing  the  entire  time  of  the  building  of  the 
road.  Every  precaution  known  to  mili- 
tary men  was  taken  to  prevent  sickness. 


^=3l 


TEMPORARY  TRUSS   BRIDGE   OVER  A   GULLY. 
This  view  gives  some  hint  of  the  difficulties  of  road-building  in  the  mountains  of  Luzon. 


firmly   to   a  heavy  beam.     Finally,  they   were 
imbedded  in  cement. 

"When  solid  rock  was  not  available,  screw- 
threads  were  cut  on  the  bars,  and  they  were 
let  through  a  steel  I-beam  and  secured  by  a 
washer  and  nut.  This  was  buried  in  a  heavy 
bed  of  concrete  and  rock.  The  bridges  were 
provided  with  lateral  bracing  under  the  floor ; 
the  stringers  of  3  by  12  lumber  were  long, 
were  made  to  overlap,  and  were  spiked  to- 
gether to  assist  in  reducing  undulation  under 
live  loads ;  the  side  rails  were  in  the  form  of 
a  Warren  truss  to  distribute  the  load  locally. 
The  spans  vary  from  110  to  185  feet.  The 
time  of  construction  was  about  six  days." 

Men  of  forty-six  nationalities  worked 
on  the  Benguet  road.  The  foremen  were, 
in  most  instances,  American,  though  two 
or  three  of  them  were  Irishmen.  The  la- 
borers were  Filipinos,  Chinese,  Japanese, 


The  sanitary  arrangements  of  the  camps 
mere  made  with  great  care,  and  the  hos- 
pitals provided  for  the  sick  were  in 
charge  of  army  surgeons  who  looked 
after  the  injured  and  the  ailing  with  the 
same  care  that  they  exercised  when  in 
the  field  with  troops. 

The  very  nature  of  the  work  on  the 
Benguet  road  necessitated  a  great 
amount  of  cliff-climbing  work  that  re- 
quired a  steady  eye  and  cool  head.  The 
reports  of  the  officers  in  charge  of  the 
work  showed  that  the  Japanese  were  su- 
perior workmen,  were  fearless  and  ac- 
tive on  the  cliffs,  and  labored  industri- 
ously "when  watched." 

Major  Kennon,  although  a  junior  offi- 
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had  been  in  command 
in  tin-  northern  campaign 
1  le  brought 
i  building  nearl) 

;n  w  hose  country 
rhe  battles 
isked  these  men  to 
One  of 
the   I  ivhich   has   come    from   the 

•i  «'t'  the  r<  .i<l  to  Baguio  is  that 
the  1  iking  into  consideration  his 

and  his  ration,  was  the  most 
cal   laborer   employed    for   th< 
dinary  work.    The  officer  in  charge  ven- 
the   opinion    "that    the    Philippine 
Islands  may  In-  developed  by  native  labor 
alone  under  suitable  conditions.     Time. 
tact,  patient  instruction,  and  fair  dealing 
will  accomplish  much  :  the  personal  equa- 
nters   very  largely  into  the  prob- 
lem." 


The     Benguet     road    was    completed 

within     the     tune     set     h\      the     officer     in 

charge.  Doubt  was  expressed  by  mem- 
bers "i  the  Philippines  (  ommission  that 

the    work    could    he    finished    within    the 

months  allotted.      The  laborers,  as  has 

been   said,   were   will   treated;   and    when 

the  word  was  passed  along  from  camp  to 
camp  that  it  had  been  declared  that  the 
road  e. mid  not  he  built  by  a  certain  date, 
the  men  even  t"  the  lazy  Chinese — were 
seized  with  a  sudden  quickening  desire 
For  renewed  effort. 

'There  was  rivalry  between  the  lahorers 
oi  the  different  eamps  as  to  which  gang 
should  accomplish  the  most  work  within 
a  given  time.  It  was  a  lahor  of  love; 
and  on  the  day  set  for  the  completion 
of  the  work.  Major  Kennon  drove  a 
wagon  over  the  finished  road  from 
I  'agupan  to  Baguio. 


ONCRETE  is  the  new  me- 
dium of  the  engineering 
wonder-worker.  First  he 
builds  the  gaunt  steel  skele- 
ton of  a  sky-scraper,  with  a 
wooden  mould  of  the  de- 
sired width  about  the  thin  steel  girders. 
Into  this  mould  he  forces  the  liquid  stone, 
and  waits  a  few  hours  for  it  to  harden. 
Then  the  wooden  shields  are  removed, 
and  there  stands  a  smooth  wall,  which 
grows  harder  with  the  passage  of  each 
day  and  will  withstand  a  greater  pres- 
sure than  granite  or  steel  itself.  Or  he 
builds  a  great  bridge,  leaping  a  hundred 
and  fifty  feet  at  a  single  span,  of  slender 
steel  rods,  forces  concrete  inside  the  tem- 
porary wooden  skin  which  marks  the  de- 
sired  shape,   and   has,  next  morning,   a 


structure  of  strength  and  beauty,  which 
will  defy  all  the  power  of  winds  and 
waves  alike.  Or,  where  twenty  years  ago 
a  tall  chimney  would  have  been  laborious- 
ly built  up,  brick  by  brick,  and  a  dozen 
feet  in  thickness  at  the  base,  he  spins  his 
steel  spider-web,  pours  his  liquid  stone 
into  a  thin  shell  of  less  than  a  dozen 
inches,  and  behold  a  slender  structure 
towering  hundreds  of  feet  into  the  air 
and  strong  enough  to  stand  anything 
short  of  a  cyclone  ! 

Sky-scrapers,  sidewalks,  bridges,  fence 
posts,  dams,  roofing  tiles,  telegraph  poles, 
railroad  ties,  residences,  piles,  chimneys 
— these  are  a  few  of  the  uses  to  which 
concrete  has  been  successfully  put  within 
the  last  few  years.  In  1890  the  total 
production    of    Portland    cement    in    the 


BRIDGE  OF  REINFORCED  CONCRETE  AT  PLAYA  DEL  REV.  NEAR  LOS  ANGELES,  CALIFORNIA. 

Extreme  length,  305  feel  8  inches;  span,  146  feet  (15  feet  longer  than  any  other  cement  bridge  span  in  the  world); 
width   19  feet;  spring,  18  feet ;  height  above  water.  20  feet. 
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barrels.    I  as1 
barrels  were  pro- 

0   pel' 

cent  in  fifteen  years.     Thai  marks  the 
th  of  the  concrete  industry    in  the 

■  nt  i-  the  «  ssi  ntial 

constructing    cngi 
much  credit  to  themselves 
-  tin  \  have  accomplished, 


br  Arch  of  Plava  del  Rev  Bridge,  near  Los  Angeles,  Cal. 

The  three  cement  cirders  are  each  2  feet  hieh,  the  central  one  14  inches  thick, 
and  the  outer  ones  each  2  feet  thick.     The  cement  hraces  are  6  inches  thick, 
and  the  floor  4  inches  thick.    All  parts  of  the  bridge  are  bedded  into  one 
reinforced  with  steel  rods  running  through  the  cement. 


it  may  be  well  to  remind  them  that  the 
ancient  Romans,  in  27  B.  C,  built  of 
concrete  the  famous  Pantheon,  which  is 
still  one  of  the  sights  of  the  Imperial 
and  the  splendid  dome  of  which  is 
practically  a  solid  concrete  shell.  Surely 
no  building  material  could  hope  for  a  bet- 
ter demonstration  of  its  durability  than 
that. 

Portland  cement  is  the  basis  for  con- 
crete as  the  moderns  know  it.  And  in 
that  case,  once  again,  the  necessity  of  an 


ingenious  ( ngineer  was  the  mother  ol  in- 
vention. (  me  hundred  and  fifty  years  ago, 
an  English  engineer,  John  Smeaton,  in 
attempting  to  construct  a  lighthouse  upon 
Eddystone  Rocks,  found  the  need  of  a 
cementing  material  which  would  harden 
under  water,  and  which  would  also  de 
velop  an  ultimate  strength  greater  than 
thai  of  ordinary  lime.  Through  a  course 
of  experiments,  he  discovered  that  an  im- 
pure, soft,  clayey  lime- 

St(  me,  when  burned,  pi  is 

sessed    the   property    of 

"setting" — 1)  eco  m  i  n  g 
li  a  r  d  —  under  water. 
This  was  the  beginning 
of  hydraulic  lime;  and 
nut  nt"  it  grew  the  inven- 
tion in"  true  I 'ortland  ce- 
ment, which  is  the  finely 

pulverized  product  ob- 
tained after  burning  to 
the  point  of  incipient 
fusion  an  intimate  and 
properly  proportioned 
mixture  of  calcareous 
and  argillaceous  mate- 
rials —  in  other  words, 
limestone  or  marl,  and 
clay  In  addition  to 
Portland  cement,  there 
are  also  slag  or  pozzola- 
na.  and  natural  or  Ros- 
endale  cements.  Port- 
land cement — so  called 
from  its  resemblance  to 
the  stone  found  on  the 
island  of  Portland,  off 
the  coast  of  England — 
on  account  of  its  higher 
and  more  uniform  qual- 
ity, is  the  material  usual- 
ly considered  in  speak- 
ing of  concrete. 

Fifteen  years  ago, 
concrete  was  used  principally  for  foun- 
dations and  sidewalks.  It  is  estimated 
that  during  these  fifteen  years  enough 
concrete  walks  have  been  laid  to  girdle 
the  earth  a  dozen  times.  They  are 
more  easily  laid  than  walks  of  nat- 
ural stone,  and  are  more  attractive 
and  durable.  In  the  laying  of  con- 
crete walks,  if  the  natural  drainage  is 
not  good,  a  base  of  cinders  or  gravel  is 
first  prepared.  In  sandy  soils  this  is  dis- 
pensed   with,    and    the    lower    concrete 
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course  is  laid  directly  to  a  depth  of  ap- 
proximately four  inches.  The  mixture 
for  this  lower  course  should  be  about  one 
part  of  Portland  cement  to  two  parts  of 
sand  and  five  parts  of  gravel  or  crushed 
stone.  The  top  or  wearing  surface  is 
made  of  one  part  of  cement  to  two  of 
sand.  While  it  is  common  to  use  the 
term  "cement"  sidewalks,  it  will  be 
noticed  that  only  about  one-fifth  of  the 
material  is  Portland  cement. 


a  construction  engineer  from  Chicago 
was  called  into  consultation.  He  pro- 
posed that  the  huge  chimney  be  built  of 
concrete,  and,  with  some  misgivings,  the 
plan  was  adopted.  He  prepared  a  founda- 
tion six  feet  deep,  twelve  by  twelve,  of 
concrete  with  a  number  of  steel  reinforc- 
ing rods.  Beginning  at  the  ground  level, 
he  carried  two  thin  concrete  shells  up- 
ward for  one  hundred  feet.  The  outer 
one    is    only    nine    inches    in    thickness, 


THE  PANTHEON  AT  Ri 
One  of  the  best  preserved  of  Roman  antiquities,  dating  back  to  27  B.  C.     Its  dome  is  built  of  concrete. 


But  the  day  when  concrete  was  only 
tramped  under  foot  went  by  several 
years  ago. 

Out  at  Butte,  Montana,  where  the 
great  stamping  mills  and  ore-concentrat- 
ing works  have  turned  the  mountain  city 
into  a  titanic  inferno  of  tall  chimneys, 
belching  black  and  sulphurous  fumes, 
stands  one  tremendous  tower,  the  top  of 
which  is  350  feet  above  the  ground. 
When  its  erection  was  planned,  the  first 
idea  was  to  build  it  of  brick.  That  would 
have  required  a  thickness  of  twelve  or 
fifteen  feet  of  masonry  at  its  base.     But 


while,  separated  by  four  inches  of  space 
from  this,  is  an  inner  shell  five  inches 
thick.  At  a  height  of  one  hundred  feet, 
these  two  unite  into  a  single  seven-inch 
shell  of  concrete,  which  extends  skyward 
until  the  vast  height  of  350  feet  is 
reached. 

This  chimney,  many  feet  higher  than 
our  modern  city  sky-scrapers,  is  therefore 
composed  of  but  fourteen  inches  of  con- 
crete at  the  base  and  half  that  amount  for 
the  upper  250  feet.  It  is  not  of  plain  con- 
crete! but  is  reinforced  both  horizontally 
and    vertically  with  a   number  of  small 


>   MAGA 
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s,  which  were  held  in  place  until 
the  concrete  had  been  deposited  around 
them,  making  a  reinforced  concrete  body 
superior  in  every  way  to  both  steel  and 
brick  masonry.  There  are  in  the  United 
these  wonderful  chim- 

The  same  engineer  recently  journeyed 
to  conservative  England,  where  some 
London  manufacturers  were  contemplat- 
ing the  erection  of  a  brick  masonry  chim- 


ney 250  t'eet  in  height,  with  the  walls  at 
the  base  twelve  feet  in  thickness.  There 
he  demonstrated  the  superior  merits  of 
reinforced  concrete,  and  returned  with 
his  luggage  lighter  hy  the  model  of  a  251 1 
i'  •  il  chimney  he  had  taken  over  with  him. 
The  suhstitntion  of  twelve  inches  of 
reinforced  concrete  for  as  many  feet  of 
1>rick  masonry,  is  a  triumph  for  our  con- 
crete  era  of  engineering,  and  for  Port- 
land cement  concrete  as  a  material. 


LNDER-CR  ,RK   AT   GALESBURG,    ILL. 


the  Chicago,  Burlington  &  Quincy  Railroad.     There  are  two  of  these  double  subways 
each  420  feet  long.  ' 
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Less  spectacular,  but  far  more  import- 
ant and  general,  is  the  use  of  concrete  as 
a  building  material.  The  industry  of 
making"  concrete  building  blocks  has  be- 
come a  very  large  one  within  the  last  five 
years,  and  in  almost  every  city  and  town 
can  be  found  residences  and  business 
blocks  built  of  this  material.  The  grow- 
ing scarcity  and  increasing  price  of  lum- 
ber make  it  certain  that  concrete  will  be 
more  and  more  generally  used  for  build- 
ing purposes.  Very  artistic  residences 
are  built  of  concrete  building  blocks. 
They  are  very  comfortable,  being  cooler 
in  summer  and  warmer  in  winter  than 
buildings  constructed  of  other  materials. 

The  more  common  type  of  concrete 
building  block  is  what  is  commonly 
known  as  the  "one-piece"'  system,  usually 
24  or  32  inches  long  by  8  inches  high  and 
8,  10,  or  12  inches  in  width  according  to 
the  thickness  that  is  desired.  One  or 
more  vertical  air-spaces,  amounting  in 
most  cases  to  33  1/3  per  cent  are  pro- 
vided. This  not  only  lightens  the  block, 
but  prevents  the  moisture  from  the  out- 
side from  striking  through,  as  well  as 
from  condensing  on  the  inside,  as  is 
often  the  case  with  a  solid  wall.  It  is 
customary  to  plaster  these  hollow  walls 
directly  upon  the  inside  of  the  block  ;  and 
while  there  has  been  in  a  few  cases  un- 
desirable work  due  to  a  lean  and  porous 
concrete,  in  general  satisfactory  results 
have  been  obtained.  It  is  possible  to 
make  from  concrete  an  absolutely  im- 
pervious product  by  carefully  selecting 
the  aggregate  of  different-sized  grains 
and  then  using  enough  cement  to  fill  the 
voids.  Another  noticeable  feature  is  that 
concrete  becomes  more  impervious  to 
water  with  age,  as  is  the  experience  not 
only  with  concrete  blocks  but  with  res- 
ervoirs, stand-pipes,  and  similar  struc- 
tures. 

Another  class  of  these  building  blocks 
is  what  is  known  as  the  "two-piece"  sys- 
tem, by  which  an  absolutely  hollow  wall 
can  be  made.  In  general  these  blocks 
consist  of  a  comparatively  thin  longitud- 
inal section,  with  one  or  more  laterally 
extending  arms  which  serve  for  binding 
the  blocks  together ;  or  the  wall  may  be 
made  of  two  sections  of  plain  veneer 
blocks  bonded  by  metal  wall-ties.  The 
cost  of  a  concrete  block  building  is  con- 
siderablv  less  that  that  of  brick  construe- 


Concrete  Chimney  at  Tacoma,  Wash. 
Height,  300  feet;  inside  diameter,  18  feet. 

tion,  and  but  little  more  than  that  of 
frame.  In  fact,  in  one  or  two  cases,  the 
writer  has  known  of  concrete  block  build- 
ings being  erected  at  a  lower  cost  than 
an  ordinary  frame  construction. 

In  addition  to  the  hollow  concrete 
blocks  for  hollow  walls,  as  already  de- 
scribed, there  is  also  manufactured  an 
artificial  stone  to  take  the  place  of  the 
high-grade  natural  stone  used  in  office 
and  municipal  buildings.  A  very  pleas- 
ing result  is  obtained  by  the  use  of  what 
is  known  as  the  "Stevens"  process  of 
casting  stone  in  sand  moulds.  It  is  al- 
most impossible  to  distinguish  this  man- 
ufactured product  from  natural  stone; 
and  the  advantage,  especially  where  orna- 
mental figures  are  desired,  is  very  great. 

The  next  class  of  concrete  buildings  to 
be  considered  are  of  the  reinforced  mono- 
lithic construction,  which  is  now  super- 
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seding  almosl  entirely  mill  and  steel 
frame  C(  msti  wen.  in  fi  ir  factories  and 
warehouses  and  also  for  office  build- 
ings. The  principle  of  reinforced  con- 
crete as  applied  to  buildings  and 
bridges,  dates  back  for  more  than 
twentj  years.  The  combination  of 
st<  el  and  ci  mcrete,  because  of  the  ad- 
hesion between  the  two  materials, 
amounting  to  aboui  500  pounds  per 
square  inch,  as  well  as  their  almosl 
equal  expansion,  lias  given  us  a  build- 
ing materia]  far  superior  to  either 
wood  or  steel.  Concrete  is  strong  in 
compression  bul  comparatively  weak 
in  tension.  Girders,  beams,  or  floor 
slabs,  supported  at  their  ends  and 
loaded,  are  subject  to  tension  along 
the  lower  portions  and  to  compression 
in  the  upper  section  Steel,  being  very 
high    in    tension,    is   disposed    in    those 

parts  of  the  girders  or  floor  slabs 
which  are  subjected  to  tension 
stresses.  Further,  as  the  steel  is  en- 
tirely cased  in  concrete,  it  is  free  from 
any  tendency  to  corrode,  and  is  not 
affected  as  it  would  otherwise  be  from 
fire.  Recently  there  lias  been  built  at 
Los  Angeles  a  reinforced  concrete 
girder  101  feet  long.  In  other  places 
there  are  a  number  of  examples  of  60- 
Eoot  span,  though  15  and  20  feet  are 
the  more  common  spans  employed. 
Several  office  buildings  fifteen  and  six- 
teen stories  high  have  heen  built  of 
reinforced  concrete,  the  largest  pieces 
of  steel  in  them  being  rods  of  only 
1  !  j  inches  in  diameter.  These  are  not 
framed  together  so  as  to  be  even  self- 
sustaining,  but  are  held  loosely  in 
place  until  the  concrete  is  deposited 
around  them,  and  the  two  united  to 
form  what  is  known  as  "reinforced" 
concrete. 

Xext  to  this  use  of  concrete  for 
office  and  other  buildings,  is  its  very 
analogous  application  in  the  construc- 
tion of  bridges.  We  should  have 
stated  that  in  the  construction  of , floor 
slabs  the  girders  and  beams  running 
between  the  columns  are  reinforced  in 
their  lower  section,  while  the  rect- 
angular floor  sections  between  these 
girders  are  reinforced  in  both  direc- 
tions by  metal  fabric  or  by  a  large 
number  of  small  steel  rods  intersecting 
at  right  angles.   This  same  principle  is 
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carried  out  in  purely  reinforced  concrete 
bridges.  There  is,  however,  a  very  com- 
mon type  of  concrete  bridge  known  as 
the  "Milan"'  construction,  in  which  self- 
sustaining  steel  arches  are  employed,  and 
these  encased  in  concrete.  This,  strictly 
speaking,  is  not  reinforced  concrete  but 
rather  armored  steel,  and  does  not  em- 
body the  highest  type  of  concrete  en- 
gineering. 

Concrete  bridges  with  clear  spans  of 
more  than  100  feet  have  been  erected 
both  in  this  country  and  abroad,  and  dur- 
ing the  last  two  or  three  years  a  very 
great  number  of  highway  bridges  are 
being  built.  It  is  safe  to  say  that  within 
a  verv  short  time  no  other  material  than 
concrete  will  ever  be  employed  in  bridge 
construction. 

Going  one  step  farther,  we  find  con- 
crete used  for  culverts  and  sewers.  On 
account  of  the  property  of  cement  of 
hardening  in  the  presence  of  water,  a 
sewer  pipe  of  concrete  would  naturally 
suggest  itself  as  being  far  superior  to 
clay  products.  In  addition  to  the  addi- 
tional durability,  there  is  also  the  fur- 
ther advantage  of  being  able  to  make  the 
concrete  pipe  of  any  diameter,  at  the  lo- 
cation where  wanted.  There  are  devices 
for  the  rapid  and  economical  manufact- 
ure of  concrete  pipe  of  all  sizes.  This 
class  of  concrete  products  has  been  ex- 
tended even  to  the  use  of  drain  tile  for 
farm  use. 

Concrete  fence-posts  two  or  three 
years  ago  seemed  an  absurdity,  and  may 
still  appear  as  such  to  the  uninitiated. 
They,  however,  have  been  manufactured 
commercially  with  success,  and  this 
branch  of  the  industry  is  destined  to  as- 
sume great  magnitude.  These  posts  are 
of  course  reinforced  with  steel  rods  or 
wires  in  the  corners  as  far  from  the  cen- 
ter or  neutral  axis  as  possible.  A  large 
number  of  devices  have  been  originated 
for  the  fastening  of  the  fence,  though 
this  latter  is  a  matter  of  minor  import- 
ance, it  being  possible  to  secure  the  fence 
to  the  post  by  simple  wire  fastenings. 
These  posts  are  being  made  for  a  cost 
no  greater  than  that  of  cedar  posts,  and 
will  last  indefinitely. 

In  a  number  of  cases,  reinforced  rail- 
road ties  have  been  used  with  success. 
Dozens  of  different  methods  of  manu- 
facture have  been  employed.     There   is 


still  some  little  difficulty  arising  from  the 
lack  of  resiliency,  yet  there  is  absolutely 
no  doubt  that  this  and  other  difficulties 
will  be  overcome,  and  within  the  next  ten 
years  concrete  will  be  the  material  from 
"which  our  railroad  ties  and  roadbeds  will 
be  built. 

We  are  approaching  in  this  country  an 
era  of  track  elevation  such  as  is  employed 
in  European  countries,  and  here  concrete 
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Ingalls  Building,  Cincinnati,  O. 

Partly  completed.     A  fine  example  of  concrete 
construction. 


is  used  almost  exclusively  for  retaining 
walls.  In  fact,  there  seems  to  be  no  place 
in  which  concrete  cannot  be  used  to  ad- 
vantage. Hundreds  of  patents  are  being 
taken  out  each  month  for  applications  of 
this  wonderful  material.  From  the  won- 
derful concrete  chimney  and  equally 
wonderful  fireproof  grain  elevators,  all 
along  the  line,  we  see  Portland  cement 
used  to  exceptional  advantage.  Concrete 
is  now  the  recognized  king  of  construct- 
ive materials. 
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ARLY  in  1897,  telegrams 
were  posted  in  a  hundred 
cities  along  the  Mississippi, 
warning  the  inhabitants  to 
prepare  for  tremendous 
floods.  These  warnings 
went  so  far  as  to  name  the  exact  date — 
sometimes  two  or  three  weeks  off — when 
the  coming  flood  would  be  at  its  height, 
and  even  stated  the  number  of  feet  above 
low  water  mark  which  the  water  would 
reach.  They  were  signed  by  the  Chief  of 
the  Weather  Bureau  at  Washington. 

The  inhabitants  of  Cairo,  of  Xew  Or- 
leans, and  of  the  towns  and  cities  be- 
tween, read  these  sensational  messages, 
looked  out  at  the  shrunken  Father  of 
Waters  flowing  calmly  along  within  his 
banks,  and  sniffed  contemptuously.  They 
were  not  going  to  be  scared  by  a  lot  of 
fool  scientists  in  Washington!  Only  a 
comparatively  few  timid  people  were  at 
all  alarmed  or  even  impressed.  These 
went  so  far  as  to  move  their  valuable 
property  up  onto  high  ground,  and  were 
well  laughed  at  for  their  pains.  Even 
the  newspapers  took  the  matter  up,  and 
scolded  the  Government  for  allowing 
the  Weather  Bureau  to  frighten  need- 
lessly a  lot  of  silly  old  women. 
Finally    the    date    set 

for   the    coming   of   the 

flood  arrived,   and  with 

it  came  the  water.     The 

greatest  flood   for  more 

than     half     a     century 

swept  down  the  Missis- 
sippi     and      overflowed 

more  than  13,000  square 

miles  of  land.   The  main 

streets     of     a     hundred 

towns    and    cities    were 

under    water ;    and,     at 

some   points,   practically 

the    only    property    not 

damaged  was  that  of  the 

ridiculed      people      who 


warning  of  the  Weather  Bureau.     And 

it  was  estimated  that  property  to  the 
value  of  $15,000,000  was  saved,  which 
would  certainly  have  been  destroyed  but 
for  the  advance  notice  which  its  owners 
had  been  wise  enough  ro  heed. 

But  the  people  of  the  Mississippi  Val- 
ley learned  the  lesson.  Thereafter  they 
were  ready  to  take  the  word  of  the  River 
and  Flood  Service  of  the  Government. 
So,  when  in  1903,  twenty-eight  days  in 
advance  of  its  coming,  the  forecaster  at 
Washington  predicted  the  time  of  the 
arrival  of  the  crest  of  a  flood  wave  at 
New  Orleans,  and  warned  its  people  to 
prepare  for  a  depth  of  21  feet,  there  was 
no  doubt  or  hesitation.  Men  worked 
desperately  to  increase  the  height  and 
strength  of  the  levees ;  and  when,  on  the 
day  appointed,  the  flood  arrived,  rising 
to^a  height  of  20  feet  7  inches,  it  was 
kept  from  flooding  a  large  portion  of  the 
city  and  causing  enormous  losses. 

Cairo,  111.,  near  the  start  of  the  1903 
flood — by  far  the  greatest  in  the  history 
of  the  United  States — was  given  four 
days'  notice  of  a  50- foot  rise ;  and  Mem- 
phis had  one  week  to  prepare  for  40  feet. 
All  along  the  river  the  warning  was 
acted  on;  and,  as  a  result, .  though   the 


had  heeded  the  despised 


Devastation  Wrought  by  Flood  at  Kansas  City,  Mo.,  1903. 
Debris  in  Kansas  River. 
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water  was  so  much  greater,  it 
overflowed  only  half  the  extent  of  terri- 
tor)  covered  in   lv 

Inundations   along   the   lower    Missis- 
sippi, below  the  mouth  of  the  (  >hio,  are 
likely  to  commence  in  late  February  or 
early  March  :  but  those  of  the  upper  wa- 
ters ur  greatest  river  generally  post- 
ming  until  the  latter  part  of 
April   or    May.      The    Mississippi    river 
iked    for  still   later,   while 
if  the  Ohio  are  due  anywhere  from 
February  to    June.     Inundations  of  our 


eastern  and  southeastern  rivers,  on  the 
other  hand,  are  apt  to  occur  during  any 
season  except  the  autumn.  The  New 
England  floods  are  expected  always  with 
the  spring  rains,  which  break  up  the 
long-standing  ice-crusts.  The  Pacific 
coast  also  has  its  Hood  season.  The  an- 
nual rise  of  the  Columbia  river  sets  in 
about  the  middle  of  May,  and  lasts  into 
June.  Its  flood  period  is  quite  as  regu- 
lar as  the  tides,  and  extends  almost  into 
summer,  hecause  of  the  very  late  thaw  in 
the  mountains  above  ;  but  the  Sacramento 
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PROF.    H.    C.    FRANKENFIELD. 
In  charge  of  United  States  River  and  Flood  Service. 


river,  on  the  other  hand,  is  apt  to  rise 
earlier  in  the  spring-. 

How  Floods  are  Forecast 

But  how  does  the  Government  fore- 
cast these  spring  inundations,  and  thus 
annually  save  millions  of  dollars'  worth 
of  property?  We  are  apt  to  associate 
only  general  weather  prediction  with  our 
Weather  Bureau — the  bulletining  in  the 
daily  press  of  probabilities  of  rain  or 
snow  or  clear  weather.     This,  however, 


is  but  one  important    function    of    that 
great  and  growing  institution. 

Prof.  Willis  L.  Moore,  the  Chief  of 
the  Bureau,  has  divided  the  nation  into 
forty-four  "River  Districts.*'  each  in 
charge  of  an  official  attached  to  a 
weather  station.  Assigned  to  each  of 
these  river  guardians,  are  a  number  of 
substations,  intrusted  with  the  practical 
work  of  river  observation  and  the  distri- 
bution of  warnings,  forecasts,  or  other 
information  valuable  to   dwellers,  prop- 
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ert)  owners,  farmers,  manufacturers, 
etc.,  distributed  along  and  near  the  great 
rivei  I '.inks. 

I  h<  re  are  abi  iu1  400  of  these  substa 
tions,  taking  daily  readings  of  the  depths 
of  the  rivers,  the  amounl  of  rainfall  in 
their  v  icinities,  and  the  general  state  of 
the  weather.  These  data  they  telegraph 
<  \<t\  morning  al  8  o'clock  to  the  central 
river  station  of  their  district,  where  all 
i  'i  the  information  is  added  to  a  map, 
from  which  is  made  a  daily  forecast  of 
the  flood  probabilities  for  the  next  two, 
three,  or  f<  tur  days. 

These  reports  of  the  substations  arc 
wired  to  the  central  stations  in  a  peculiar 
cipher  devised  by  the  Weather  Bureau 
and  used  for  economy  in  telegraph  tolls 

rather  than  with  any  deep  laid  design  to 

keep  the  news  from  the  public.  Four 
incoherent  words  in  this  cipher  suffice, 
when  translated,  to  give  the  date  of  the 
dispatch,  the  time  of  day,  condition  of 
the  weather,  direction  of  the  wind,  pre- 
cipitation of  rain  or  snow,  and  the  depth 
of  the  river — all  in  precise  figures. 

Our  greatest  rivers,  such  as  the  Mis- 
sissippi or  the  Ohio,  arc  divided  into  a 
number  of  districts,  each  with  its  sub- 
stations. The  Mississippi  has  no  less 
than  ten  such  districts,  each  with  a  cen- 
tral station  gathering  daily  reports  from 
its  subdistricts.  The  station  at  Cairo, 
111.,  is  regarded  as  the  key  to  the  Father 
of  Waters,  for  there  is  located  the  mouth 
of  the  Ohio,  and  nearby  is  the  mouth  of 
the  Missouri.  It  is  the  station  on  whose 
measurements  the  forecasts  of  conditions 
of  the  entire  river  below  are  principally 
based. 

The  official  in  charge  of  each  river  dis- 
trict stands  prepared  to  issue  flood  warn- 
ings, giving  in  advance  the  time  of  the 
inundation  and  its  probable  duration.  The 
range  of  his  forecast  depends  largely 
upon  location.  Along  the  great  Missis- 
sippi, dwellers  near  the  upper  banks  have 
very  little  time  to  remove  their  property 
or  themselves,  whereas  those  near  its 
mouth  are  given  ample  warning.  In  the 
upper  Mississippi  districts,  one  or  two 
days'  warning  can  be  given ;  between 
Keokuk  and  St.  Louis,  three  or  four 
days;  from  Memphis  to  Ne.w  Orleans,  a 
week  to  ten  days.  But  in  the  mountain 
streams  and  rapid-running  rivers  in  the 
Eastern  and  Pacific  States,  one  or  two 
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A   NEW-WORLD   VENICE. 
Flood  scene  in  the  town  of  Venice,  III.,  in  1903. 


days'  warning  is  all  that  can  be  at- 
tempted.. Pittsburg  is  very  unfortunate 
in  this  respect,  as  compared  with  the 
lower  Mississippi  cities.  Especially  is 
this  so  when  we  consider  that  it  is  the 
greatest  coal,  iron,  and  steel  center  in 
the  world.  Eighteen  hours  is  the  long- 
est range  of  flood  forecast  that  it  can 
hope  for. 

River  gauges — great  measuring  rods 
thrust  down  to  the  stream's  bottom  and 
extending  further  above  the  surface  than 
any  flood  is  likely  to  reach — are  constant- 
ly consulted  at  the  substations.  They 
range  from  15  to  200  feet  in  length,  de- 
pending upon  the  slope  of  the  bank 
against  which  their  stone  foundations 
rest.     There  are  thirty  of  these  distrib- 


uted along  the  Mississippi;  and  the  point 
on  the  scale  which  the  water's  surface 
reaches  is  read,  in  normal  times,  daily  at 
8  a.  m.,  as  is  the  rule  along  all  the  rivers 
of  the  country.  In  flood  times  they  are 
read  every  hour,  or  even  oftener. 

The  extreme  variation  for  one  of  these 
guages  is  69  feet,  which  occurred  at  Cin- 
cinnati. The  variation  of  single  floods 
averages  from  10  to  15  feet  in  low  riv- 
ers, and  anywhere  up  to  35  or  40  feet  in 
fast  streams. 

The  floods  of  the  Mississippi  come 
mostly  out  of  its  lower  tributaries.  A 
great  rise  in  its  upper  waters  would  en- 
tirely lose  itself  before  reaching  New  Or- 
leans, if  fed  by  no  secondary  flood  en 
route.     The  Father  of  Waters  is  so  vast 


STRENGTHENING   A    RIVER   BANK. 
Bags  of  sand  and  earth  and  piles  of  brushwood  are  used  for  the  purpose. 
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that  we  litth   ■  li.it  .1  tremendous 

I  l>\  its  floods,  or  what 

an  enoi  ■    basin  contributes 

ti>  those  inundations.    Through  a  fault) 

enclature,  its  length  is  put  down  in 

the  scl  !,485  miles.    In  p< tint 

the   Missouri  is  the  proper  pro 

e  main  Mississippi,  the  up- 

»s ippi  being,  in  reality,  only  one 

of  th<  tant  tributaries.     From 


\  1 1  \  vitals  of  the  nation,  and  wisdom  dic- 
tate s  a  policj  <  if  precaution. 

\  p.iln\  iii'i\  dollars  expended  by  the 
Flood  Service  of  the  Weather  Bureau 
for  extra  telegraph  tolls  in  seasons  of 
inundation  frequently  saves  a  million  dol- 
lars in  propert)  and  hundreds  of  lives 
more  precious  than  the  total  wealth  of 
the  nation.  During  the  great  flood  of 
1897,    $15,<  00,01  0   worth    of    perishable 


MANUFACTURING   DISTRICT  OF   DES    MOINES,   IOWA,    FLOODKD   IN   1903. 


the    mouth    of    the    Mississippi    to    the 

source  of  the  .Missouri,  the  river  distance 
is  about  4,190  miles.  This  constitutes 
probably  the  longest  waterway  in  the 
world.  Its  only  rivals  in  length  are  the 
Xile  and  the  Amazon,  the  precise  length 
of  neither  of  which  is  known,  but  is  es- 
timated for  each  at  about  4.000  miles. 
The  region  drained  by  the  Mississippi 
embraces  about  1,240,000  square  miles, 
ne  per  cent  of  the  total  area 
of  our  territory  between  Canada  and  the 
Gulf  of  Mexico.  Each  year  it  carries  to 
the  sea  about  159  cubic  miles  of  water. 
The  navigable  waters  of  this  great 
stream  and  its  tributaries  are  estimated 
at  about  15.000  miles  in  length.  Hence 
any  untoward  condition  affecting  this 
vast  arterv  of  commerce   strikes  at  the 


property  was  moved  at  the  instance  of 
the  official  forecasts.  Yet  the  total  cost 
of  the  River  and  Flood  Service  of  the 
I  nited  States  was  that  year  only  $15,000, 
or  one  one-thousandth  of  this  saving  to 
the  people.  So  this  particular  enterprise 
of  the  Government  certainly  more  than 
pays  for  itself,  to  put  it  very  feebly. 

"We  always  aim  to  frame  our  forecasts 
at  least  within  a  foot  of  what  the  condi- 
tions will  afterwards  prove,"  said  E>r.  H. 
C.  Frankenfield,  in  charge  of  the  River 
and  Flood  Service,  after  explaining  its 
workings  in  great  detail  to  the  writer. 
"In  the  rapid-running  rivers  of  the 
mountain  regions  we  are  rewarded  with 
less  accuracy  than  in  the  great,  slow 
streams  of  the  Middle  West.  In  the  case 
of  the  Mississippi,  Missouri,  and  lower 
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Ohio,  we  can  come  with- 
in from  one-  to  three- 
tenths  of  a  foot  of  actual 
rises. 

"An  important  factor 
to  be  reckoned  with  each 
spring  is  the  water 
equivalent  of  the  vast 
snow  areas  left  over 
from  winter.  We  now 
use  a  new  snow  gauge 
for  this  measurement. 
It  consists  of  a  40-inch 
tube  of  about  two  and 
a-half  inches'  diameter, 
open  at  both  ends,  and 
sharp  at  the  extremity 
driven  down  into  the 
snow.  As  this  is  taken 
up,  the  lower  end  is 
closed,  and  the  snow  is 
retained  inside.  Down  the  hole  thus  left  in 
the  snow,  a  measuring  rod  is  thrust  and 
the  exact  depth  of  the  deposit  measured. 
The  snow  inside  the  tube  is  then  melted 
to  water,  and  this  water  measured  and 
compared  with  the  depth  of  the  snow  on 
the  ground.  It  is  found  that,  whereas  in 
some  places  it  requires  from  13  to  14 
inches  of  snow  to  make  one  inch  of 
water,  the  same  amount  of  water  will  in 
other  localities  be  supplied  by  only  two 
inches  of  snow.  One  to  ten  is,  however, 
the  average.  But  where  snow  has  been 
lying  for  a  long  time,  and  has  packed 
hard  and  solid,  it  cannot  be  reckoned 
with  in  the  forecast  of  a  thaw  and  conse- 


>up  of  Refugees  on  a  Mississippi  Levee. 
A  typical  scene  in  flood-time. 

qnent  flood,  without  making  these  careful 
measurements.  If  we  have  a  two-inch 
rainfall  on  top  of  four  inches  of  snow 
with  a  two-inch  water  equivalent,  we 
have  a  flood  to  deal  with  ;  whereas,  if  this 
four-inch  crust  of  snow  only  has  a  water 
equivalent  of  two-tenths  of  an  inch,  the 
matter  is  not  so  serious.  The  gaugers 
sound  the  snow  where  they  think  it  is  of 
mean  depth,  and  at  each  spot  of  meas- 
urement take  the  average  of  several 
soundings.  Thus  we  estimate  the  water 
which  will  pour  into  the  adjacent  rivers 
when  all  of  that  icy  crust  will  melt  dur- 
ing the  spring  thaws. 

"We   hav?    much    trouble    persuading 
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Al  Ml  IS  I    Kl   VDY   TO  OVERFLOW. 

with  the  rivei  above  the  danger  line. 


people  to  obey  our  warnings.     In  many 
•    they    flatly    refuse    to   move   even 
when    assured    that    their    houses    will 
be      submerged.        The      flood      comes, 
carries    away     these    very     homes,    the 
doubting    Thomases    themselves    being 
saved    often    at    great    risk    to    others. 
Then    they    return    and    rebuild    in    the 
same  dangerous  spot.      I  hit  the  general 
public    and    the    press    have    a    grow- 
:onfidence   in   the  official   forecasts. 
Previous  t"  the  great  flood  of  1903,  fore- 
and  warnings    were    in    some    in- 
stanc  three  and   four  weeks  in 

advance.  But  there  was  1 1  <  >  repetition  of 
tile  criticism  of  18' '7. 
'that  t  li  e  Weather  1  bu- 
reau was  needlessly 
alarming  the  people.' 
The  doubting  Thomases 
learned    their    lesson    in 

"In  early  days,  when 
a  flood  came,  the  inhabi- 
tants in  the  bottom 

ply  moved  their  stock 
and  other  portable  prop- 
erty t<  i  hisrlK-r  ground, 
and  waited  for  the  wat- 
.  This  fre- 
quently prevented  the 
planting  of  crops,  and  it 
became  necessary  to 
erect  some  barrier  that 

uld    keep    the    water   LlNIK 


out.  Therefore  earthworks,  or  'levees,' 
were  constructed.  A  few  enterprising 
land-owners  first  built  private  levees. 
Then  levees  were  built  by  separate 
communities,  and  afterward  by  the 
States,  the  necessary  funds  having  been 
raised  by  taxation  of  the  affected  prop- 
erty. The  general  Government  as- 
sisted from  time  to  time  in  later  years, 
the  first  appropriations,  however,  be- 
ing made  solely  for  repairs.  In  1891, 
the  Government  made  its  first  un- 
conditional appropriation  of  $1,000,000. 
The  first  levee,  built  at  New  <  >rleans  in 
1717.  was  one  mile  in  length  and   four 
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feet  high.  At  the  present  time  there  are 
1,800  miles  of  magnificent  levees  below 
the  month  of  the  Ohio.  Above  are  some 
of  less  extent. 

"This  service  is  also  required  to  fore- 
cast changes  in  the  rivers  from  day  to 
dav,  when  no  floods  are  present.  This  is 
of  great  benefit  to  the  steamboat  people. 
The  question  of  loading  a  boat  in  low 
water  is  always  a  pressing  one.  The 
more  water  boats  draw,  the  heavier  they 
can  load ;  and  a  river's  fall  of  only  a 
few  inches  makes  a  great  difference  in 
the  loss  of  tolls  on  tons  of  freight. 

"The  greatest  flood  in  the  history  of 
the  United  States  was  that  of  the  Mis- 
sissippi in  1903,  the  only  other  inundation 


ever  approaching  it  being  that  of  1844. 
Third  in  severity  was  that  of  1897." 

The  great  flood  of  1903  lasted  ninety- 
four  days,  and,  although  the  Mississippi 
rose  higher  than  ever  before,  it  over- 
flowed only  6,820  square  miles,  or  one- 
half  the  area  flooded  in  1897.  So  nicely 
were  the  Weather  Bureau's  forecasts 
heeded,  that  not  a  single  life  was  lost. 
There  was  no  drowning  of  stock,  and  no 
destruction  of  crops.  Everything  port- 
able within  the  affected  area  was  re- 
moved to  a  place  of  safety.  The  value  of 
the  property  saved  by  Professor  Moore's 
efficient  bureau  was  much  greater  than 
the  $15,000,000  worth  that  was  saved  in 
1897. 


Freed 


reeaom 

Cy>^^  HEY   never  fail  who  die 

/k^O      In  a  great  cause;  the  block  may  soak  their  gore; 
\^-y      Their  heads  may  sodden  in  the  sun;    their  limbs 
J>         Be  strung  to  city  gates  and  castle  walls  — 
But  still  their  spirit  -walks   abroad. 

Though  years 
Elapse,  and  others  share  as  dark  a  doom. 
They  but  augment  the  deep  and  sweeping  thoughts 
Which  overpower  all  others,  and  conduct 
The  world  at  last  to  freedom. 

— Byron. 


nne 


I  Shaft 


Lawrence  Perra  ^ 


N  ow,    .in 

A  in  <iic  an 
m. nine  en- 
gineer is  less 
equipped  in 
many  tech- 
nical ways 
t  h  a  n  h  i  s 
British  brother  >f  similar  profession. 
This  is  due  neither  to  temperament  nor 
to  nationality;  the  real  reason  lies  with 
the  maritime  laws  of  the  two  nations.  \n 
American  may  go  below  the  water  line 
ser  or  a  fireman,  and,  by  careful 
attention  to  practical  matters,  and  a  more 
or  less  intelligent  perusal  of  Rogers/1  Ma- 
rine Engineer,  may  in  comparatively 
short  time  command  an  engine-room  of 
mi  :  while  a  man  seeking  similar  ad- 
vancement on  a  vessel  flying  the  British 
must  have  first  spent  five  very  ar- 
duous years  in  a  machine  shop  ashore. 
Completing  this  probationary  period,  he 
may.  if  he  passes  a  stiff  Board  of  Trade 
examination,  be  duly  accredited  as  Third 
Engineer  ;  in  another  year  of  sea  serv- 
ice, if  he  has  continued  his  studies,  lie 
may  undertake  a  still  more  severe  exam- 
ination, the  successful  outcome  of  which 
allows  him  a  Second  Engineer's  creden- 
tials:  and  so  on  until  at  last  he  receives 
his  Chief  Engineer's  certificate,  a  docu- 
ment which  qualifies  him  to  command 
the  engine  division  of  a  200-foot  tramp, 
or  a  700- f  ■  \.  2".000  horse-power  trans- 
atlantic palace. 

Before  I  knew  the  British  tramp  Mon- 
put  it  as  it  should  be  put, 
before  I  knew  old  Mclntyre,  her  doughty 
chief.  Chichester,  his  second,  and  th< 
of  the  engine-room  crowd — young  Wil- 
son— Peter  Wilson — had  carefully  con- 
sidered the  international  differentials  as 
set   forth  in  the  foregoing,  and  had  de- 
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cided  that  hi'  would  hi-  better  equipped 
and  (.1"  more  general  worth  to  the  world 
and  to  himself  if  he  worked  through  the 

engine-room  by  the  British  Board  of 
Trade  route.  And  so,  much  against  his 
will — for  he  was  an  American  from  his 
nervous,  sharp-cut  features  to  his  very 
active  feet — he  denationalized  himself. 
put  in  a  year  as  monkey  on  a  Black  Sea 
hooker,  five  years  in  a  Liverpool  machine 
shop,  and  when  I  first  met  him  he  was 
Third  Engineer  of  the  Monhegan,  very 
proud  of  this  fact,  and  very  ambitious  to 
be  much  more  than  he  was  as  the  years 
went  on. 

They  did  not  care  for  him  very  much 
on  the  rusty  old  tramp ;  for  he  was  a 
Yankee,  despite  the  papers  he  had  signed 
giving  undying  allegiance  to  His  Brit- 
annic Majesty.  His  nationality  stood  out 
all  over  him,  and  there  could  be  no  doubt 
that  it  always  would  stand  out,  no  mat- 
ter how  many  expatriation  papers  he 
signed.  But  he  was  a  good  mechanic — 
they  made  no  bones  about  admitting  that. 
He  was  a  good  mechanic;  but  he  was  a 
Yank  ;  he  talked  like  a  Yank,  and  acted 
like  a  Yank  ;  and  while  Yankees  are  all 
right,  their  place  is  not  in  the  engine- 
room  of  a  British  vessel.  Then,  too,  he 
had  queer  ways.  They  had  a  story  that 
he  spent  the  dark  hours  of  the  night 
talking  to  the  tunnel-shaft. 

It  was  all  very  amusing  to  get  Mc- 
Intyre  talking  about  young  Wilson, 
cursing  him  in  his  broad  Scotch  way.  All 
the  time.  I  could  see  he  admired  him — 
knowledge  which,  of  course,  was  stead- 
fastly guarded,  for  I  had  no  desire  to  be 
unpopular  with  the  old  chief. 

Whenever  the  Monhegan,  battered, 
rusty,  and  incrusted  with  the  salt  of 
deep  waters,  arrived  in  port  from  the 
Baltic  or  the  Black  Sea,  or  from  bevond 
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the  equator,  or  from  Heaven  knows 
where,  I  never  lost  the  opportunity  to 
visit  the  craft  and  get  the  blunt  Scot 
started  on  the  subject  of  Wilson.  As 
like  as  not,  I  would  find  him  somewhere 
down  in  the  Stygian  bowels  of  the  old 
hooker  with  inky  bilge-water  slushing 
about  his  velveteen  sneakers,  tinkering 
with  a  valve,  or  cutting  out  rotten  boiler- 
tubes  ;  but,  busy  or  not,  he  was  never 
loath  to  straighten  up  with  a  broad  smile 
of  welcome,  and  a — 

"Eh,  shipmate,  glad  to  meet  ye  again — 
ye're  bidin'  well?  Dam'  ol'  hull  openin' 
out  like  a  rotten  apple ;  inch  more  o'  bilge 
'n  we  had  last  voyage — and  rheumatiz — 
wee!  It's  the  bane  o'  such  as  we,  and 
the  Monhegan's  bilge  ain't  rheumatiz ; 
noo,  it's  ossification,  mon !" 

"How's  your  friend  Wilson?" 

And  then  indeed  would  Mclntyre 
straighten  up  with  a  cautious  glance  at 
a  tall,  straight  young  figure  bending  over 
something  in  the  outer  gloom — and  a 
curious  smile  of  joy. 

"Then  ye  have  not  heard?"  he  would 
say.  "McLaughlin  did  not  tell  ye  up  on 
deck?"  Being  assured  that  Captain  Mc- 
Laughlin had  been  most  uncommunica- 
tive as  regards  the  Third  Engineer,  he 
would  leacl  the  way  up  the  iron  ladders 
to  his  cabin,  close  the  door,  eye  me  with  a 
strange,  impressive  silence  for  a  minute, 
and  then — 

"Mon,  he  was  heard  to  talk  to  the 
tunnel-shaft  two  weeks  agone  off  Fast- 
net.    He  was  heard !" 

"But  what  did  he  say?" 

"What  matter  what  he  said  ;  he  was 
heard  to  talk,  mon." 

And  thus  it  always  was.  Every  voy- 
age he  was  heard  to  talk  to  the  tunnel- 
shaft,  and  a  steward  had  found  an  Amer- 
ican flag  under  his  pillow  ;  and  he  had 
knocked  .  down  a  Cockney  monkey  for 
saying,  "To  hell  with  Roosevelt" — and 
lots  of  more  things.  Truly,  it  was  most 
interesting  to  hear  old  Mclntyre  talk 
about  Peter  Wilson. 

It  was  by  virtue  of  all  that  the  chief 
and  others  told  me.  that  I  have  been  able 
— to  my  own  satisfaction,  at  least — to 
piece  together  material  leading  logically 
but  withal  very  curiously  to  what  finally 
happened. 

Primarily  it  may  be  assumed  that  Wil- 
son had  a  soul,  a  growing  soul,  in  which 


anyone  even  less  versed  in  metaphysics 
than  I  was  might  have  detected  alluring 
possibilities  for  the  future.  A  growing 
soul,  in  a  young  man  who  has  made  him- 
self— or  who  is  making  himself,  rather — 
who  began  life  as  a  newsboy  and  a  dock 
rat,  a  growing  soul  in  such  a  person  is  a 
thing  to  be  reckoned  with  ;  it  does  strange 
things  with  its  bodily  habitation,  and  re- 
sults in  lines  of  emotion  and  procedure 
which  the  person  most  concerned  under- 
stands least  of  all. 

The  Aloiihegan  was  and  is  a  clatter- 
ing, racketing  old  vessel ;  and  phlegmatic 
Mclntyre  himself  his  said  that  the 
sounds  she  gives  forth  in  only  a  fairly 
active  seaway  are  uncanny.  There  are 
moans  and  wails  and  wild  snatches  of 
melody ;  and  the  best  place  to  hear  them 
is  down  in  the  engine-room,  where  the 
eccentrics  jiggle  shriekingly,  and  the 
valve  bonnets  squeal  and  gibber,  and  the 
pistons  sound  like  wind  blowing  among 
the  branches  of  a  girdled  pine,  and  the 
cranks  and  throws  shout  in  the  excess  of 
energy. 

Then  there  was  Wilson's  haunt — he 
never  would  say  a  word  about  it — the 
tunnel-shaft,  running  on  its  bearings  for 
twenty  feet  or  more  through  a  dark, 
damp,  narrow,  metallic  vault  just  high 
enough  to  stand  in,  barely  wide  enough 
to  lie  across ;  lighted  dimly  by  a  swaying 
lantern  which  cast  its  ghastly  rays  upon 
the  swiftly  turning  bar  of  steel,  and  end- 
ing in  a  dull  blur  at  the  stuffing-box, 
through  which  the  tunnel-shaft  ran  to 
meet  the  tail-shaft  outside — the  tail-shaft 
with  the  whirling  screw  on  the  end. 

No  doubt  Wilson  selected  the  tunnel- 
shaft  because  it  was  secluded,  and  be- 
cause it  really  is  more  communicative 
than  the  crank-shaft,  which  connects  with 
the  engines,  the  voice  of  which  is  eaten 
up  in  the  voice  of  the  machinery ;  more 
communicative  than  the  thrust-shaft 
which  takes  the  kick  of  the  screw,  and 
grumbles  constantly,  and  does  nothing 
else  in  the  way  of  sound. 

But  the  tunnel-shaft — it  had  many  a 
voice  for  Peter  Wilson,  many  a  mood, 
many  a  song,  many  an  inspiration.  In 
the  dark  hours  of  his  watch,  he  would 
stand  there,  his  eyes  fastened — vacantly, 
no  doubt — upon  a  glint  of  light  on  a 
bearing,  or  gazing,  it  may  be  with  hyp- 
notic fascination,  at  the  whole  great  bar 
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Iving  sm  inly,  driv- 

th rough  the  midnight  \\.i 

u  il«l  song  "t'  hope,  of  encour- 

i  inging  in  his  ears, 

the  whispers  <'i"  the  dead  yesterdays, 

and  t  ■  if  the  umit.'u  .  and  of 

i  »f  ideals  and  am- 

biti<  mplished — 

i  it'  he  talked  back  or  sang  back, 

laugh  at  him  ?    For  the  truest, 

life  are  the  tiling  that 

things  i    rmless  and  dimly  un 

winch     tin-     soul     suggests. 

I    once    spoke   <>f   all    this 

to  Mclntyre,  and  he  nodded  vaguely;  he 
said  nothing  in  the  way  ^i  comment.   But 
lembered  it.   lie  remembered  every 
at  a  very  sad  time.     It   was  after 
n   had   taken   out  his   Second    En- 
gineer's   papers,  and    had    jumped    into 
Chichester's  place,  who  was  at  home  in 
Bristol   leg-bound   with   rheumatism.     I 
had  not  waited   for  the  Quarantine  re- 
port I  ;   ing  to  South  Brooklyn  to 
die  Monhegan  at  her  pier ;  and  as  a 
[Uence    the    manner    in    which    the 
I  lumbered  up  stream  surprised  me. 
It  was  not  that  I  could  pick  out  anything 
definite  in  her  gait  ;  and  yet  the  impres- 
sion that  things  were  not  the  same  was 
very  definite.     Slowly  she  warped  along- 
side the  gray  pier  with  its  tottering  shed, 
ted  by  a  pair  of  officious  tugs,  and 
with  much  shouting  and  cursing  from  the 
bridge.     They  never  swore  that  way  on 
the  Monhegan  unless  things  had  gone  ex- 
tremely ill. 

I  went  aboard,  finally,  and  clambered 
straight  below  to  where  Mclntyre  was 
ordering  that  the  fires  be  banked.  He 
glanced  sidewise  at  me,  and  then  turned 
his  face  away.  I  thought  that  he  was 
busy  and  did  not  care  to  be  bothered,  and 
bout  to  retrace  my  steps,  when  the 
chief,  divining,  I  daresay,  my  intention, 
called  out  gruffly : 

"Wait,  there'll  be  something  for  ye  to 
write  about,  noo.  I'll  tell  ye  when  we 
have  drunk  together." 

So  T  waited  for  an  hour,  vainly  search- 
ing the  while  for  Peter  Wilson.  But  he 
was  not  within  range  of  vision.  Event- 
ually Mclntyre  got  the  kinks  of  ten  days' 
steady  traveling  out  of  his  engines,  and 
turned  to  me.  But  not.  however,  before 
young  Goodwillie,  the  Third  Officer,  had 
called  to  me  through  a  grating: 


"Y'knov*  we  buried  Wilson  900  miles 
west  of  l  taunt's  Rock  .  " 

I    looked     at     Mclntyre.   and     he     was 

I  row  mug. 

"1  i  oquacious  ijit,"  he  growled,  and  I 
forebore    to    make    comment    upon    the 

Startling  news — which  was  just  as  well, 
perhaps,  for  in  a  flash  I  realized  just  how 

much  ^\  my  thoughts  Peter  Wilson  had 
filled,  and  what  a  hold  his  strange  per- 
sonality had  upon  my  heart.  So  I  just 
looked  at  the  old  chief,  who  solemnly 
bade  me  follow  him  to  his  cabin,  line, 
JUSt  as  solemnly,  he  drew  a  s<|iiat,  black 
bottle  of  Scotch  from  a  cabinet,  together 
with  the  necessary  glasses,  passed  the 
bottle  to  me,  and  one  of  the  glasses,  af- 
ter which  he  filled  his  own  glass  and 
raised  it  aloft  as  though  studying  the 
specific  gravity  of  the  liquor — 

"We'll  drink,"  he  said,  "  to  the  mem- 
ory o'  Peter  Wilson  !" 

"Then  he  is  dead  ?" 

"Dead!  Oh,  aye,  he's  dead."  And — 
in  silence — we  drank. 

"Head!"  I  'exclaimed,  as  though  the 
grim  realization  had  just  filtered  through 
my  mind,  which  it  had.  "How?  Why? 
Tell  me  all  about  it." 

"I  will  when  we  have  drunk  again — 
to  Peter  Wilson,"  replied  the  old  man. 
And  we  drank.  And  he  began  what  he 
had  to  say,  as  sailors  always  do,  with  ut- 
most regard  for  time  and  place. 

"It  was  in  longitude  20  and  a  bit  west, 
and  latitude  50  precisely,  on  the  25th  at 
midnight.  And  it  was  the  tunnel-shaft. 
Ye  may  see  it  noo,  if  ye  go  into  the  dam' 
tunnel,  swathed  up  and  bound,  like  a 
babe  with  the  croup.  The  weather  had 
been  nasty.  Combin'  head  seas — plenty 
of  'em — and  a  snorin'  nor'wester,  freezin' 
cold  even  as  it  come  down  the  ventilators 
into  the  fire-room.  We  first  had  put  out 
from  Leith,  makin'  down  the  bunder' 
fathom  curve,  touching  at  Ireland,  and 
then  puttin'  out  straight  for  New  York, 
along  the  summer  lane  for  high-powered 
craft.  » 

"There  was  small  time  for  gossip,  for 
the  old  lady  was  a-rollin'  her  rails  under 
— ye've  heard  how  she  is  in  a  jumpin' 
seaway — a-rollin'  her  rails  under,  sittin' 
on  her  counters,  stand  in'  on  her  nose, 
and  spinnin',  shakin'  her  rivets  out  by  the 
dozens.  However,  as  I  was  savin', 
there  was  small  enough  time  for  gossip  ; 
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'FLINGIN 


•    HIS   CHAIN  EVERY   TIME   THE   BIG   END   SLEWED    AT  HIS   HEAD." 
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and  yet  1  take  the  time 

re  he  had  deserted 

the  tunnel;  for  all  through  tin-  last  two 

he    had    with    much    persistence 

'..1  haunt,  and  strange  that 

in  the  middle  <•'  all  the  racketin'  I  should 

that.      But    I 

"What  did  he  saj    "  I  interpellated. 

thin'     he  just  looked  at  me,  and 

-  head.     The  next  night  on  his 

urpin,  a  greaser,  told  me  thai 

n    had    made   him    take    the    tour 

through  the  tunnel  to  see  if  the  bearin's 

keepin'  as  cool  as  they  ought :  mind, 

that  was  Wilson's  place:  it  was  his  dooty. 

"What 

"Why,  can't  you  see,  mon?" — lure  Mc- 
Intyre  lowered  his  voice.  "He  was 
Vye,  he  was  afeered.  Some- 
thing had  frightened  him;  something 
said  or  done  in  there" — 

"Nonsei  - 

"Well"— and  Mclntyre  waved  a  hand 
quickly  and  elevated  his  shoulders. 

"Well,  gi  i  on,"  I  said. 

"I'd  been  a-lookin'  for  it — for  some- 
thing  like  that — something  like  a  busted 
feed-valve.  I  mean!  but  when  one  o' 
the  smaller  ones  went  at  noon  o'  the 
fifth  day,  I  was  so  shook  up  that  I  fol- 
lowed the  rest  o'  the  pups  in  a  rush  for 
the  ladder.  It  come  over  me  in  a  second 
that  my  place  was  elsewhere,  and  I 
turned,  only  to  find  Wilson  where  I 
should  a'  been,  up  among  the  pipes,  plug- 
gin'  up  the  leak  with  a  wooden  peg,  while 
et  was  parboilin'.  Wilson — Hoot! 
We'll  drink  to  Wilson  again."  And  we 
did. 

"I  helped  carry  him  to  his  cabin,  stick- 
in'  his  feet  in  a  tuh  o'  some  sort  o'  hog- 
wash  that  the  captain  kept,  which  did 
me  a  considerable  amount  o'  good  onct. 
and  left  him  there  with  our  thanks.  Aye. 
we  were  very  grateful,  for  he'd  plugged 
that  leak  good,  and  saved  us  all  from 
scaldin".  seein'  as  none  o'  us  never  could 
t  up  that  ladder,  fightin'  for  foot- 
s  we  were.  Mon,  it  was  disgrace- 
ful. Not  that  we  ain't  all  o'  us  done 
somethin'  o'  the  kind  at  some  time  or 
other,  the  point  hein',  however,  that  he 
■ 

"He  was  deelerious  that  eve.  and  done 
nothing'  but  talk  about  the  tunnel-shaft. 


He    said  it  was  a  bad  shaft,  a    wicked 

shaft,    and    that,    hide    its    vileness    as    it 

tried,  he  could  see  it  meditated  evil,  that 
u  '.\as  not  the  faithful  old  shaft  he  used 
to  know.     See!     Mow    ask   me  how    1 
know  he  \\  as  afeered  ! 
"It  wenl  two  days  more — two  days  and 

a  n  w  hours  over,  I  mind — and  night 
came  on.  It  was  a  night.  It  was  the 
worst  nighl  I  ever  saw  on  the  North  At- 
lantic, and  I've  seen  some  bad  ones.  I 
didn't  realize  it  at  first ;  and  finally,  after 
I'll  been  snapped  against  the  intermediate 
cylinder  twice  in  succession — standin'  on 
the  engine  bridge,  you  understan' — 1 
called  up  the  speakin'  tube  to  McLaugh- 
lin on  the  bridge,  and  cussed  him  out.  I 
asked  him  was  he  sailin'  in  circles  or 
what,  and  for  to  kick  the  quartermaster 
off  the  wheel  and  let  the  cook  steer.  For 
reply  he  bade  me  to  the  bridge — Lor', 
mon.  it  was  no  mill-pond.  There  was  no 
sky  at  all.  so  dark  it  was.  and  the  waters 
were  only  visible  when  they  belted  the 
decks  and  broke  into  spray.  It  was  a 
storm  felt  rather  than  seen.  That  was 
a  night  when  I  felt  it  better  that  the 
Good  Lord  should  have  ordained  that 
we  men  o'  the  sea  should  not  be  per- 
mitted to  utilize  all  our  senses,  which  we 
had. 

"I  left  tlK  bridge — 1  felt  better  down 
where  I  belonged — and  while  McLaugh- 
lin wanted  someone  to  talk  to,  I  was 
short-handed,  as  you  know,  and  dooty  is 
dooty.  As  I  reached  the  deck  door  to 
the  engine-room  and  peered  down  to 
make  sure  o'  my  footin'  on  the  ladder,  I 
see  a  figure  just  reachin'  the  bottom.  I 
took  a  good  look,  and  then  dumb  down 
that  ladder  quicker  nor  I  ever  dumb 
down  anytbin'  in  my  life,  shoutin'  at  the 
same  time  for  Wilson — Wilson  it  was — 
to  wait  for  me.  And  he  waited — in  his 
unit' inn  jacket  and  pajamas — the  ban- 
dages  of  his  feet  f ravin'  and  stragglin' 
out  like  the  unraveled  coverin'  of  a  suc- 
tion pipe. 

"What  in  the  name  o'  John  Calvin  and 
all  his  saints  are  ye  a  doin'  here?"  said  I 
to  him. 

And  he  looked  at  me  funny  like. 

'  'Mon,'  he  said,  'there's  a  crack  in  the 
tunnel-shaft  six  feet  this  side  o'  the 
stuflfin'-box — a  crater  o'  a  crack,'  he 
says.  'There'll  be  damage  :  stop  yer  en- 
gines, quick;  ye  can  tell  McLaughlin  to 


THE   TUNNEL-SHAFT 


273 


put  out  a  sea  anchor  for  to  hold  our  head 

"Yer  daft,"  I  shouted,  gettin'  mad." 

''I'm  noa  crazy;  it's  God's  truth — I 
seen  it.'  " 

"Well.  I  threw  up  my  hands.  The 
deevil's  own  sea,  an'  a  crazy  mon  in  the 
engine-room  !  I  was  about  to  lead  him 
kindly  up  out  o'  the  way,  when  suddently 
there  was  a  fearful  pitch,  and  then  a 
sound  like  as  though  a  reef  was  rakin' 
our  bottom  and  a  tearin'  of  it  out.  A 
bangin',  rumblin',  horrible  sound — of 
which  I  knew  the  meanin'  as  a  child 
knows  its  catechism.  And  Wilson — his 
eyes  were  standin'  out  o'  his  head,  his 
lips  movin',  cursin'  the  tunnel-shaft. 
Aye,  that  was  it — the  tunnel-shaft — 
snapped  clean  in  two,  and  just  where 
Wilson  said  it  was,  although  how  he 
should  know  it,  lyin'  up  there  in  bed,  and 
an  hour  before,  blinds  me. — 

"I  had  the  engines  stopped  in  a  eye- 
wink,  but  not  before  the  flyin'  ends  had 
gouged  out  a  bulkhead,  and  had  like  to 
flailed  the  bottom  out  o'  us.  They  had 
to  be  secured  as  it  was.  For  the  ship 
was  pitchin'  somethin'  awful,  and  the  two 
broke  ends  was  a-flyin'  about  inside — 
we  could  hear  'em  makin'  stabs  at  the 
hull,  tryin'  their  best  to  punch  holes 
through  and  send  us  to  eternity. 

"They  has  to  be  secured,  says  I,  those 
ends  has.     And  riq-ht  awav.     O'  course 


I  was  the  one  to  go.  As  I  dashed  for  the 
bulkhead  door,  I  saw  it  was  already  open, 
and  caught  just  a  glance  of  Wilson's 
bandaged  feet  a-goin'  in,  pullin',  as  he 
went,  a  litter  o'  chain  tackle  for  which  I 
had  been  a  huntin".  I  followed  in — and 
there  was  that  dam'  Yank,  on  his  belly, 
lassoin'  for  the  forward  end,  as  big  round 
as  a  mast,  you  understand,  the  end  beatin' 
every  second  about  six  inches  over  his 
head.  But  there  he  lay,  and  he  caught 
it — and  as  he  caught  it,  he  talked  to  it 
and  cursed  it!  Mon,  I  ha'  lived  many 
long  years,  but  if  I  am  ever  talked  to  as 
that  rotten  hunk  of  steel  was,  may  I  die 
soon  after  in  sheer,  weepin'  disgrace. 

"There  he  worked,  flingin'  his  chain 
every  time  the  big  end  slewed  at  his 
head — and  hooked  it,  too,  and  made  it 
fast.  Then  he  crawled  along,  me  after 
him,  and  raisin'  up  to  get  a  clear  throw 
as  the  other  end  came  at  him  —  he 
hadn't  calculated  right,  or  the  shaft 
plunged  lower  than  it  naturally  should 
have.  Anyway,  it  caught  him — it  caught 
him  good,  right  on  the  chest,  and  wedged 
there — his  body  kept  the  shaft-end  safe. 
But  he  didn't  know  nothin'  about  it — no, 
he  was  dead — Wilson  was.  We  got  him 
out  in  the  morning,  and  sunk  him  in  300 
fathoms — see,  we've  pricked  it  off,  here ; 
we  wrapped  him  in  the  Stars  and  Stripes 
— because — well,  because  he  was  a 
Yank." 


My  Friend,  the  Enemy 

INCE   your  fierce  hate  has    so    befriended  me. 

Who  shall  oppose  you,  watchful  to  the  end — 
Since  'twas  your  covert  blade,   sloth  might  not  see. 

Made  vigilant  this  breast  I  must  defend — 
Keep,  still,  my  sword  from  rust  and  slumber  free; 

And  since  on  blow  and  parry  souls  depend. 
Call  no  soft  truce  to  break  my  strength,  but  be. 
In  endless  opposition,  still  my  friend! 
-ARTHUR  STRINGER. 

in  Appleton's  Booklover's  Magazine. 


Lighthouse  on  Storm-Swept  Rock 


Hew   Daring  Sailors  Crowned  "Mile  Rock,"  Jusl  Outside  the  Golden  Gate, 

\s  11  h  ■  Warning  Signal 


iu   .1.  MAI  m    BAl  I  (MORE 


s 


RA1 .  months  ago  the  famous 

••Mil,-    !<•  ck"    I  ight    Station    was 

•1,1.   mi    Februar)    15, 

was  displayed    for    the    first 

• 

The  construction  «'t"  this  new  station  on 

■  Mile  Rock,"  situate. 1  just  out- 

len    Gate-    San    Francisco 

r_  has  pi  e  of  the  most  dif- 

ficult  ami  perilous  engineering  feats  ever 

n  in  the  history  of  lighthouse  con 

struction.     Though  only    a    third-order 

station,   yet    the   building   of   this    light- 

\  eminent    the    sum  of 

I  0,  and   more  than  one  year  was 

required  to  complete  the  work. 

For  the  past  half-century,  Mile  Rock 
has  been  a  serious  standing  menace  to  all 
Is  entering  or  departing  from  San 
Francisco  hay.  The  rock — a  mere  rag- 
ged pinnacle— stands  three-eighths  of  a 
mile  westward  off  the  mainland,  and  just 


Present  Lighthouse  on  Mile  Rock. 


one    mile    eastward   of   a    straighl    line 
drawn  from  the  North  Mead  Light  Sta 
tion,  across  to  the  '  lilt    I  [<  »use. 

A.s  the  rock  was  too  large  to  blow  up, 
the  Government,  alter  a  dela)  ol  many 
years,  finally  determined  to  beacon  this 
verj  small  hut  dangerous  point.  But 
tin-  wa^  a  ver)  difficult  and  hazardous 
undertaking.  Mile  Rock  stood  fully  ex- 
posed to  all  the  furious  gales,  ami  to  the 
force  and  anger  of  the  open  seas.  Be- 
sides, tremendous  tidal  currents  swept  to 
and  fro  around  its  rugged  hast'. 

At  mean  tide,  the  ragged  point  of  rock 
jutted  only  a  few  yards  (about  16  feet) 
above  sea-level;  and.  at  extreme  high 
tide,  the  points  were  almost  entirel)  sub- 
merged. At  best,  only  1.000  square  feet 
could  he  secured  after  the  rock  had  been 
"surfaced;-*  and  for  the  foundation  of 
the  light  station,  only  704  square  feet 
were  at  last  obtainable — a  small  area, 
certainly. 

The  contract  for  this  difficult  and  most 
perilous  task  was  awarded  a  San  Fran- 
cisco contractor  named  James  A.  Mc- 
Mahon.  A  force  of  skilled  workmen 
were  conveyed  in  a  schooner  out  to  the 
rock:  hut  every  man.  after  taking  in  the 
situation,  positively  refused  to  work. 
They  decided  that  it  was  too  perilous  to 
risk  their  lives  on  a  little,  slippery,  wave- 
swept  rock.  McMahon  was  finally  com- 
pelled to  secure  the  services  of  half  a 
score  of  raw  sailors  to  do  the  work  of 
surfacing  the  rock.  A  rim  or  bench  some 
eighteen  inches  wide  was  cut  all  around 
the  outer  edge  of  the  rock,  on  which  the 
foundation  was  to  rest.  This  work  pro- 
gressed very  slowly,  and  was  very  haz- 
ardous. There  were  many  days,  when 
only  a  few  hours'  work  could  he  done; 
again,  whole  days  when  nothing  could  be 
done  at  all.  All  depended  upon  the  ca- 
pricious mood  of  the  tides,  winds,  and 
waves. 

Getting  to  and  from  the  slippery  rock, 
was  alwavs  attended  with  great  danger. 
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It  was  a  case  where  the  hardy  seamen 
must  "jump  for  their  lives" — from  boat 
to  rock,  and  from  rock  to  boat. 

No  "land  lubber"  would  risk  such  a 
long,  daring  leap  to  and  from  a  small 
boat,  rocking,  or  poising  for  an  instant 
on  the  crest  of  a  treacherous  wave.  In 
the  long  course  of  the  work,  many  of  the 
clumsy  sailors  did  plunge  overboard  into 
the  foaming  breakers,  but  they  were  al- 
ways timely  "fished  out."     From  begin- 


ting  upwards,  forming  so  many  massive 
and  powerful  braces  for  the  concrete  to 
anchor  the  cylinder-foundation  impreg- 
nably  against  the  combined  forces  of  the 
elements. 

Thus  slowly  the  cylinder  crept  up- 
ward ;  and  soon  a  long,  swinging  der- 
rick was  rigged.  This  greatly  facilitated 
the  landing  of  the  materials — cement, 
sand,  gravel, and  steel — and  decreased  the 
perils  of  the  workmen.    More  than  seven 


JUST  OUTSIDE  THE   GOLDEN   GATE,   CALIFORNIA. 

The  sharp-pointed  rock  farthest  out  from  land,  in  center  of  picture,  is  Mile  Rock  as  it  appeared  before  any 

work  was  done. 


ning  to  end,  not  a  single  life  was  lost. 
Many  times  the  poor  workmen  were 
forced  to  remain  for  hours  clinging  to 
the  rock — shivering  and  drenched — be- 
cause it  was  too  stormy  to  attempt  to 
take  them  off. 

Finally,  the  rock  was  cut  all  around, 
and  the  work  of  constructing  the  real 
foundation  was  begun.  Over  and  around 
the  ragged  points  was  slowly  built  a 
huge  steel  cylinder  42  feet  high.  This 
foundation-cylinder  was  not  a  perfect  cir- 
cle, but  elliptical  in  shape — 40  feet  long, 
and  25  feet  wide  at  the  broadest  point. 
This  great  cylinder  was  composed  of 
steel  plates  each  2  feet  10  inches  wide  and 
24  inch  thick,  very  strongly  bolted  to- 
gether. All  the  inside  space  was  filled 
with  the  best  quality  of  cement ;  the 
points  and  rough  sides  of  the  rock  jut- 


months  were  required  alone  to  level  the 
rock  and  construct  the  cylinder. 

Above  the  latter  was  built  a  steel- 
framed  tower,  gradually  tapering,  rising 
50  feet,  thus  reaching  a  total  height  of 
92  feet  above  average  sea-level,  and  term- 
inating in  the  huge  lantern. 

In  building  the  cylinder,  1,200  barrels 
of  cement  were  used,  besides  large  quan- 
tities of  sand  and  gravel.  There  were 
60  tons  of  steel  plates  used ;  the  upper 
part  of  the  tower  required  92  additional 
tons  of  steel.  The  difficulties  of  safely 
landing  all  this  heavy  material  in  all 
kinds  of  stormy  weather,  cannot  be  ex- 
aggerated ;  nor  the  constant  and  immi- 
nent danger  to  life  and  limb  of  the  brave 
and  hardy  workmen  be  overdrawn.  Yet, 
singular  to  state,  no  serious  accident  oc- 
curred during  the  fourteen  months'  work 
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on  the  station.    All  of  the  heaviest,  most 
difficult,  and   mosl   perilous   work,   was 

under  the  pei 

supei  skilled  foreman.    This 

us  foreman  shared  all  the  dan- 

the    situation,   ami     gradually 

shaped  the  crude,  rav»   seamen  into  fair 

men,  at   stone,  concrete,  and   iron 

The    little   steam    schooner    Rio    Rey 
tender  during  all  of  the  work, 

often  making  many  trips  a  day  carrying 
out  materia]  and  the  workmen. 

the  >tation  i>  a  fog-horn. 
Communication    with    the    mainland    is 
maintained  by  a  cable  and  telephone.  Two 
.ire  required  to  attend  the  station. 

No  light  station  in  the  United  States — 
or.  perhaps,  in  the  world — was  ever  con- 
structed under  such  great  difficulties  and 
in  dangers,  as  this  our  now  secure- 
ly anchored  on  the  famous  "Mile  Rock." 
For  mam  years  the  beaconing  of  this 
tempest-swept,      rocky       pinnacle       was 


deemed  impossible  by  old  seagoing  men 
and  even  engineers.  Its  successful  ac- 
complishment must  lie  recorded  as  a  sig- 
nal triumph  of  marine  engineering — an 
ocean  monument  to  those  who  planned, 
and  those  who  uric  courageous  enough 

to  cany  the  work  forward  to  comple- 
te 111. 

For  a  light  station  of  that  order,  $100,- 
eemed  a  large  appropriation,  yet  the 

entiic  sum  was  consumed.  Many  experi- 
enced engineers  have  carefully  inspected 

this    new    station     and     pronounced     the 

foundation  work  an  immovable  bulwark 

againsl  impact  of  sea  and  fury  of 
gales. 

The  new  station  is  a  great  additional 
safeguard  to  the  commerce  of  San  Fran- 
cisco, and  will  he  hailed  with  satisfac- 
tion by  navigators.  In  the  past,  a  num- 
ber of  vessels  have  been  lost  on  this  dan- 
gerous rock.  Four  years  ago  the  large 
steamship  Rio  de  Janeiro  was  totally 
w  recked  and  over  200  human  lives  lost. 


Strive  On 


VI 


O  life  is  always  fortunate ; 

But  noblest  yet  is  he 
Who,  still  unmoved  by  storms  of  fate. 

Strives  on  unfalteringly; 
Who,  keeping  firm  his  trust  in  man, 

Deems  all  things  for  the  best. 
Content  to  do  what  good  he  can. 

And  leave  to  God  the  rest. 


The  Fate  of  an  Inventor 


By  HENRY  F.  SHAW 

"Hammer-Blow  Shaw,"  Inventor  of  the  Four-Cylinder,  Balanced  Locomotive 


WE  have  liberal  patent  laws  in 
the  United  States ;  that  is  one 
reason  why  we  lead  the  world 
in  invention.  We  allow  a  man 
with  an  idea  to  spend  as  much  time  and 
money  as  he  likes,  working  the  idea  out ; 
then  we  give  him  seventeen  years  in 
which  to  get  his  money  back  and  pay 
himself  for  his  time.  After  that,  some 
other  man  who  may  have  spent  neither 
time  nor  money  is  free  to  come  in  and 
take  the  profits. 

Doubtless  this  arrangement  is  just 
enough  to  the  man  who  has  invented  an 
improved  apple-corer  or  a  new  tip  for 
shoe-laces.  Seventeen  days'  time  and  sev- 
enteen dollars'  capital  will  get  him  under 
way  ;  and  if  he  cannot  make  his  fortune 
in  seventeen  years,  he  never  can.  But  the 
story  of  my  own  life  is  a  grim  commen- 
tary on  the  way  our  patent  laws  work 
when  an  idea  is  big  enough  to  move 
slowly.  I  have  been  an  inventor  all  my 
days.  I  have  taken  out  between  sixty 
and  seventy  United  States  patents,  which, 
one  thing  with  another,  have  brought  me 
in  at  least  day's  wages.  The  invention 
into  which  I  put  some  of  the  best  years 
of  my  life,  however,  has  brought  me  only 
the  satisfaction  of  seeing  the  world  come 
round  to  my  opinion. 

Need  of  a  Balancing  System 

One  day  in  1873,  in  the  Boston  &  Al- 
bany shops,  I  happened  to  notice  a  set 
of  locomotive  driving-wheels  on  their 
way  to  the  scrap-heap. 

"What's  the  matter  with  those 
wheels?"  I  inquired.  "They  look  all 
right." 

"Flat  spots  on  the  rims,"  said  the  fore- 
man. "We've  turned  them  down  three 
times  already,  until  there  isn't  enough 
metal  left  to  turn  down  again ;  but  the 
spots  keep  coming." 

On  looking  further  into  the  matter,  I 
learned  that  such  flattened  spots  on  the 
rims  of  locomotive  drivers  were  pretty 


common,  and  that  nobody  rightly  under- 
stood the  cause.  The  general  opinion 
was  that  there  were  unavoidable  soft 
places  in  the  castings,  which,  in  the 
course  of  time,  got  pounded  clown  by  the 
thumping  of  the  engine  on  the  rails. 

This  did  not  strike  i  le  as  at  all  reason- 
able— especially  when  I  discovered  that 
these  flattened  spots  always  came  in 
about  the  same  position — at  a  point,  that 
is,  a  little  behind  the  counterweights. 
Evidently  it  was  these  counterweights 
that  did  the  mischief. 

Everybody  who  has  ever  seen  a  loco- 
motive will  have  noticed  that  the  weight 
of  the  connecting  rods  is  counterpoised 
by  a  mass  of  metal  set  between  the 
spokes  of  the  drivers  just  inside  the  rim. 
As  a  matter  of  fact,  no  man  has  ever 
succeeded  in  adjusting  these  weights  so 
that  they  do  really  balance.  The  counter- 
weights revolve  ;  the  connecting  rods  ply 
back  and  forth  ;  the  counterweights  help 
the  turning  of  the  wheels  as  they  come 
down  on  one  side,  and  hinder  it  as 
they  come  up  on  the  other ;  the  kick  of 
the  live  steam  pushes  or  pulls  the  wheels 
at  top  and  bottom.  Any  attempt  to  bal- 
ance two  such  different  forces  must  al- 
ways end  in  some  sort  of  compromise.  If 
the  weights  are  set  so  that  the  engine  no 
longer  shakes  back  and  forth  with  every 
turn  of  the  wheels,  then  it  dances  up  and 
down  instead.  In  any  case,  since  the 
two  cylinders  act  alternately,  the  engine 
noses  from  side  to  side,  hunting  for  a 
chance  to  jump  the  track.  Watch  a 
locomotive  as  it  goes  by  at  full  speed,  and 
see  the  smokestack  shake  like  a  dice-box. 
That  tells  the  story. 

In  practice,  the  counterweights  are 
made  about  twice  as  heavy  as  they  would 
need  to  be  if  they  had  to  balance  the 
weight  only  of  the  connecting  rods,  with 
the  engine  at  rest.  When,  therefore,  the 
train  is  running  a  mile  a  minute,  this 
mass  of  steel  comes  smashing  down 
through  seven  feet  of  distance  ten  times 
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a  second,  and  strikes  a  blow  on  the  rail 
now  known  in  some  cases  to  amount  to 
twenty-five  foot-tons.  That  is  why  the 
engineer  goes  slowly  over  a  shaky  bridge. 
The  train  does  not  weigh  any  less,  but 
the  counterweight  trip-hammer  does  not 
pound  so  hard. 

Thirty  years  ago,  I  made  up  my  mind 
that  the  time  was  coming  when  the  com- 
mon  system   of  balancing  a  locomotive 
engine     by     means     of     counterweights 
would  break  down.     As  the  public  de- 
manded   better     service,     the     railroads 
would  build   heavier    engines    and    run 
them    at   higher    speeds. 
Then    the    deadly    ham- 
mer-blow   of    the    coun- 
terweight would   get   in 
its     w  o  r  k,     destroying 
roadbeds   and   pounding      ^^^^^ 
down  bridges,  until  some 
better  method  should  be 
adopted.  Counterweights 
will  do  for  light  engines 
running  at   low   speeds  ; 
but    even    back    in    the 
seventies   I    saw   that   a 
change  had  to  come. 

Was  I  right?  Let  a 
pamphlet  of  the  Bald- 
win Locomotive  Works, 
entitled  Record  of  Re- 
cent Constructions,  No. 
49,  and  dated  1905,  an- 
swer for  me.  "This 
[counterweight],"  says 
Company,  "can  be  made  to  balance  the 
parts  exactly  only  at  one  portion  of  the 
stroke,  so  that  when  the  counterweight 
has  reached  one  portion  of  the  revolu- 
tion there  is  no  equivalent  weight  oppo- 
site ;  and  with  a  heavy  locomotive  at  high 
speed,  with  comparatively  light  rails,  re- 
sults as  shown  in  the  accompanying  il- 
lustration may  occur.  This  photograph 
shows  the  condition  of  the  rails  on  a  sec- 
tion of  track  after  an  Atlantic  type  loco- 
motive of  ordinary  construction  had 
passed  over  it  at  a  speed  of  about  eighty 
miles  per  hour."  In  the  photograph,  the 
rail  is  visibly  depressed  at  the  points 
where  the  counterweight  hit  it  each  time 
it  came  round.  "With  engines  of  the 
common  sort,-'  says  the  pamphlet,  "expe- 
rience has  shown  that  the  dead  weight 
required  for  such  a  locomotive,  the  in- 
creased strains  and  internal  friction,  to- 


gether with  the  difficulty  in  properiy 
counterbalancing  the  driving-wheels,  are 
liable  to  make  the  wear  and  tear  on  the 
track  excessive" — an  opinion  in  which 
the  nervous  passenger,  surveying  the 
damaged  track  which  he  has  just 
traversed  at  one  and  one-third  miles  per 
minute,  will  heartily  concur.  The  Bald- 
win Company,  in  short,  began  in  1902  to 
build  engines  balanced  on  the  principle 
of  my  own  long-expired  patent  of 
1874. 

In  those   days,   I   had  already  had   a 
good  deal  of  practice  in  balancing  other 


Rail  Depression  Caused  by  Pounding  of  Ij 


vlanced  Locomotive. 


the      Baldwin 


sorts  of  machinery,  and  I  made  up  my 
mind  that  there  was  no  use  in  trying  to 
match  the  dead  weight  of  a  piece  of 
metal  against  the  pressure  of  steam.  The 
only  possible  accurate  conterpoisc  for  one 
steam  cylinder  is  another  one  like  it.  I 
therefore  designed  and  patented  an  en- 
gine with  four  cylinders,  two  on  each 
side,  one  beside  the  other.  Since  the  two 
cvlinders  of  a  pair  worked  in  opposite 
directions  and  were  connected  to  oppo- 
site sides  of  the  same  wheel,  I  was  able 
to  do  away  with  all  counterweights  and 
yet  have  perfect  equilibrium  under  all 
conditions. 

Such  an  engine,  I  realized,  would  cost 
more  to  build  than  one  of  the  common 
type  ;  but  I  hoped  to  convince  the  railroad 
men  that  it  would  be  cheaper  to  main- 
tain, because  it  would  not  be  continually 
shaking  itself  into  the  repair  shop.  In 
addition  to  this,  I  believed  that  it  would 
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the  track  and  would  be  fastei  and 
safer  than  other  engines. 

h  took  five  years  to  persuade  anybod) 
with  capital  to  this  opinion.  In  L879, 
with  my  partner,  Mr.  S.  S.  (hay.  who 
had  been  with  me  from  the  first,  1 
v  and  proceeded  t>> 
build  the  first  Shaw  locomotive,  having 
in  the  meantime  made  several  improve- 
ments ami  taken  out   another  patent. 

First  t-Cyllnder  Locomotive  Built 

The    Hinckley    Locomotive    Works,   at 
.lid  the  job  under  mv  di- 

■i.     By  1  ebruary,  L881,  the  engine 

•■feted— the    thst    eight-wheel, 

rylinder,    balanced    locomotive    in 

the    world.      We    took    her   out    into    the 

yard,  put  her  up  on  jacks,  and  started 
her.  At  a  rate  equal  to  forty-eight  miles 
per  hour  on  the  road,  there  was  no  oscil- 
lation whatever:  the  balance  in  all  posi- 
the  moving  parts  was  perfect. 

The  engine  was  then  set  to  work  run- 
nine:  branch  trains  for  the  Providence 
Division  oi  the  Xew  York.  New  Haven 
&  Hartford  Railway;  and  after  she  was 
properly  limbered  up.  we  asked  permis- 
sion to  take  the  one  o'clock  express  from 
Boston  to  Providence,  forty-four  miles 
in  one  hour,  over  the  old  Shore  Line. 
The  master  mechanic  objected  on  the 
ground  that  the  engine  was  too  small  to 
do  the  work  of  the  irregular  engine. 
Finally,  however,  we  persuaded  the  su- 
perintendent, and.  much  to  the  surprise 
of  all.  the  new  locomotive  made  the  run 
in  fifty-seven  minutes. 

After  that  we  took  her  over  the  conn- 
try,  showing  her  to  every  railroad  man 
we  could  get  to  listen  to  us.  For  six 
weeks  she  hauled  an  express  between 
n  and  Fitchburg.  From  May  to 
November,  she  did  the  same  between 
Camden  and  Atlantic  City.  Everywhere 
she  did  good  work,  and  showed  excep- 
tional speed  and  power  for  her  size. 

Tested  by  Experts 

That  winter,  when  she  had  been  built 
a  month  short  of  two  years,  the  Franklin 
Institute  appointed  a  committee  to  exam- 
ine into  the  principle  of  balancing  loco- 
motives without  counterweights,  and  to 
test  the  practical  merits  of  the  engine  in 
which  that  principle  was  applied.  After 
the  usual  tests  had  been  made  on  the 


road,     the      Committee    had    in\     engine 

mounted  on  jacks  and  run  290  revolu- 
tions per  minute,  or  aboul  sixty  miles  an 
hour.  The  oscillation  lore  and  aft  at  that 
speed  was  only  three  eighths  of  an  inch. 
LJnder  such  conditions,  as  the  Committee 
took  pains  to  point  out  in  its  report,  an 

ordinary  locomotive  would  promptly  get 
down  oCi  the  jacks  and  walk  off  through 
the  wall  of  the  shop.  They  reported, 
also,  that  on  the  road  "at  the  high  speed 
of  sixty-One  to  sixty-five  miles  an  hour, 
the  locomotive  ran  with  great  steadi- 
ness." "The  Committee,"  says  the  re- 
port, "endorse  unqualifiedly  the  correct- 
ness of  the  principle  adopted  in  the  Shaw 
engine  for  counterbalancing  the  momen- 
tum of  the  reciprocating  parts,  and,  fur- 
ther, are  satisfied  from  their  practical  ob- 
servation of  the  operation  of  the  engine, 
that  at  high  speed,  steadiness  and 
freedom  from  lateral  movement  are  at- 
tained to  a  materially  greater  extent  than 
in  the  case  of  the  ordinary  running  gear." 
Half  our  claim,  therefore,  was  amply 
supported  by  the  report  of  the  Franklin 
Institute.  The  other  half — namely,  that 
our  engine,  as  the  Committee  put  it,  "did 
not  at  high  speed  assume  the  function  of 
a  sledge  and  strike  quick  blows  on  the 
rail" — we  wrere  unable  to  demonstrate, 
for  we  could  not  meet  the  expense  of  the 
experiments  which  the  Committee  pro- 
posed. Of  late  years,  however,  the  mat- 
ter has  been  many  times  put  to  the  test, 
both  practically  on  the  road  and  experi- 
mentally in  engineering  schools,  and  my 
opinion  has  been  amply  justified. 

Wins  Gold  Medal 

I  pass  over  the  history  of  the  next 
six  months.  The  Shaw  engine  entered 
for  exhibition  at  the  Fair  of  Railway  Ap- 
pliances at  Chicago  in  June,  1883  ;  stood 
an  endurance  test  of  thirteen  days'  con- 
tinuous run  on  jacks  at  high  speed,  with- 
out any  oscillation  wdiatever  ;  and  against 
forty  competitors,  took  the  gold  medal 
for  successful  balancing.  On  a  trial  run 
of  85  miles  between  Chicago  and  Mil- 
waukee, hauling  a  fast  train  with  the 
Superintendent  of  the  road  aboard,  she 
did  72  miles  an  hour,  the  fastest  time 
ever  made  upon  the  road  up  to  that  time 
— and  finished  without  so  much  as  a 
warm  bearing.  On  the  way  back  to  Phil- 
adelphia, we  stopped  over  at  Columbus. 
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at  the  invitation  of  Professor  Robinson, 
of  the  Engineering  Department  of  the 
State  University.  The  Business  Man- 
ager of  the  Shaw  Company  lectured  to 
the  students  and  professors  on  the  ham- 
mer-blow of  the  ordinary  counter- 
weights, and  its  destructive  effects  on  the 
road  ;  and  wound  up  his  visit  by  taking 
a  train-load  of  guests  over  a  mile  of  track 
in  47  seconds,  and  smashing  the  speed 
record  for  the  State  of  Ohio.  In  all,  the 
engine  covered  some  244,000  miles  in 
trial  runs  and  in  getting  about,  before 
she  was  finally  sold  to  a  small  branch 
road  near  Philadelphia,  and  there  worn 
out  and  thrown  into  the  scrap. 

Two  things  the  engine  proved  beyond 
all  question :  The  smooth-running  bal- 
anced locomotive  can  be  trusted  to  stay 
on  the  track  at  higher  speeds  than  the 
ordinary  type — and  is  therefore  faster ; 
and  it  uses  less  power  in  dancing  about, 
jamming  its  own  bearings,  and  twisting 
its  own  members — and  is  therefore  more 
efficient.  Two  things  I  could  not  prove. 
Practical  railroad  men  would  not  believe 
that  their  engines  were  costing  them,  in 
damaged  tracks,  sums  altogether  beyond 
the  price  of  two  extra  cylinders  and  their 
connections.  Neither  would  tluey  credit 
my  prophecy  that,  sooner  or  later,  they 
would  be  driven  into  adopting  the  bal- 
anced engine,  and  that  they  might  as  well 
face  the  difficulties  of  the  change  and 
the  conservatism  of  their  employees  then, 
and  have  it  over  with.  They  nicknamed 
me  "Hammer-blow  Shaw"  and  refused  to 
listen. 

Evidently  the  Shaw  Locomotive  Com- 
pany could  not  keep  on  indefinitely  doing 
business  on  this  basis.  We  had  built  one 
sample  engine,  and  spent  three  years  in  a 
vain  effort  to  get  an  order  for  another. 
The  Company  therefore  gave  up  the 
struggle  and  went  out  of  business. 

Ahead  of  Its  Day 

Notwithstanding  all  this,  I  knew  I  was 
right.  Not  for  a  moment  did  I  let  go.  I 
sacrificed  all  my  property  and  all  I  could 
make  out  of  my  other  inventions,  until 
the  expiration  of  the  last  of  my  eight 
patents  on  my  original  invention  and 
subsequent  improvements  on  it  left  me 
high  and  dry.  Now,  at  the  age  of  sev- 
enty-five, I  find  myself  without  a  dollar. 

All  the  same,   though   the   world   has 


pretty  much  forgotten  Hammer-blow 
Shaw,  it  has  had  to  come  round  to  his 
way  of  thinking.  By  the  end  of  the  last 
century,  railroad  men  had  begun  to  see 
that  the  limits  of  the  development  of  the 
counterweighted  locomotive  were  al- 
ready in  sight.  By  that  time,  engines 
had  become  so  heavy  and  were  being  run 
at  such  high  speeds  that  their  effect  on 
the  track  could  no  longer  be  ignored ; 
while  at  the  same  time  it  was  becoming 
evident  that  no  mere  increase  in  the 
weight  of  the  rails  would  meet  the  diffi- 
culty. Moreover,  it  appeared  that  if  still 
more  powerful  engines  were  to  be  built 
one  fireman  could  no  longer  handle  the 
coal. 

The  limit  to  the  number  of  pounds  of 
coal  that  a  man  can  shovel  per  minute 
has  driven  the  builders  of  locomotives 
into  using  compound  engines  (such  as 
have  long  been  employed  for  other  pur- 
poses), since  these  are  some  twenty-five 
per  cent  more  efficient  than  any  single- 
expansion  engine  can  possibly  be.  Once 
the  railroads  are  committed  to  four  cylin- 
ders for  the  sake  of  economy  and  the 
necessity  of  keeping  the  coal  consump- 
tion down  to  the  amount  that  one  man 
can  handle,  the  balanced  engine  comes  as 
a  matter  of  course.  The  only  objection 
ever  urged  against  it  was  that  it  had  to 
have  four  cylinders — an  objection  that 
doesn't  appeal  very  strongly  to  the  man 
who  has  got  to  have  four  cylinders  willy- 
nilly. 

Idea  at  Last  Prevails 

It  comes  about,  therefore,  that  after 
nearly  thirty  years  of  waiting,  I  have  the 
satisfaction  of  seeing  the  four-cylinder 
balanced  locomotive  put  forth  as  the  lat- 
est and  best  type  of  high-speed  railroad 
engine.  The  new  engines  are  larger  than 
anything  that  I  designed,  and  their  cylin- 
ders work  at  two  different  steam  pres- 
sures instead  of  one.  These  are,  how- 
ever, only  details.  The  best  and  newest 
locomotives  have  embodied  in  their  con- 
struction the  same  essential  ideas  as  my 
old  engine,  even  to  working  the  two  cyl- 
inders of  a  pair  with  a  single  slide  valve. 
There  is  not  one  of  them  that  would  not 
infringe  my  old  patent  of  1874,  if  that 
had  not  expired  years  ago. 

Now,  I  do  not  claim  to  be  the  first 
man  to  whom  ever  occurred  the  idea  of 
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air  •  'i  cl)  inders  f<  »r 
notive  en 
ever,  the  firsl  man  to 
details  that  go 
plj   it  su< 
.vheel  type.    I 
the   United   States 
ted  as  the  im 
of  tl  and  1   was  the 

ica  up  to  ten  yeai 
I  red  his  head  very  much  about 
though  plenty  of 
.  ork  tr\  in-  to  secure  better 

the  old  s) stem. 
!   claim  that   1   have  been 
by  any  man.     To  be  sure,  the 
Baldwin   1  tive  Works,  where  en 

such  as  !  invented  are  now  being 
built,  had  my  old  engine  in  its  shop,  and 
•i  took  "lit  the  valves  to  see 
how  1   bad  made  one  valve  answer   For 
cylinders;  l>ut  the  same  information 
be  had  by  anybody  who  takes  the 
troubl  nsult    the    records   of  the 

Patent  l  >ffice. 

Change  in  Patent  Law  Advisable 

I  do  maintain,  however,  that  the 
United  States  Patent  Law  ought  to  be  so 
modified  that  the  inventor  shall  no  longer 
be  deprived  of  all  profit  on  his  invention 

because  he  makes  a  mistake  in  estimating 
the  number  of  years  it  will  take  the  world 
to  catch  up  with  him.  At  most,  all  the 
inventor  gets  is  some  small  part  of  the 
saving  which  the  public  makes  by  adopt- 


ing his  invention.  I'be  presenl  law  often 
deprives  him  of  that.  When  an  idea  is 
in  the  air  so  that  half  a  dozen  men  are 

at   work  on  it  at  once,  all  tbe  inventor 

has    t"   do    i>    tt  i    invent.       1  I  is    market    is 
waiting   tor  him.      Me  has  <>nl\    to  seize 
his  oppoi  tunit) .    The  law  gives  him  am 
pie  protection.     I'm  it"  an  idea  is  not  in 
the  air.  if  an  invention  is  made  years  be 
fore  there   is  an)    demand    for   it,  then 
must    the    unfortunate    inventor    spend 
years   in   educating  bis   public     only    to 
find  bis  patents  expired  by  the  time  it  lias 
learned  it >  lesson.     In  short,  the  mure  ab 
solutel)   a  man's  idea   is  unique  and  bis 
own.  tbe   less  does  tbe  law   allow  him   to 
profit  by  it. 

Suppose  I  had  seen  the  coming  of  a 
new  city  and  put  my  money  into  land. 
Though  I  merely  sat  down  and  waited. 
yet,  if  my  guess  ever  came  true,  I  and 
my  heirs,  even  to  my  children's  great- 
grandchildren, would  retain  all  the  profit. 
Instead.  I  did  foresee  the  coming  of  a 
new  era  in  railroading,  and  did  my  best 
to  bring  it  about.  Yet,  because  my 
prophecy  did  not  come  to  pass  within 
seventeen  years.  I  gel  nothing — no,  not 
so  much  as  the  hundredth  part  of  one  per 
cent  of  the  saving  which  the  railroads  of 
this  country  have  made  already  by  adopt- 
ing tbe  balanced  engine  which  1  invented. 
\o  passenger,  riding  in  comfort  and 
safety  behind  a  four-cylinder  locomotive, 
pays  me  a  penny  an  hour  for  the  time  he 
saves. 


Work  for  All 


E   cannot  all  be  preachers  and  sway  ■with  voice  and  pen 

As  strong  winds  sway  the   forest,    the   minds  and  hearts  of  mer 

But  we  can  be  evangels  to  souls  within  our  reach; 

There  s  always  love's  own  gospel  for  loving  hearts  to  preach. 

W  e  cannot  all  be  heroes,  and  thrill  a  hemisphere 

\\  ith  some  great,  daring  venture,  some  deed  that  mocks  at  fear; 

But  we  can  fill  a  lifetime  with  kindly  acts  and  true; 

There's  always  noble  service  for  noble  souls  to  do. 


-Christian    Union   Herald. 


STRANG   GAS-ELECTRIC   CAR. 
New  rival  of  the  steam  locomotive,  now  making  a  trial  trip  across  the  continent. 


Wonderful  New  Rival  for  Steam  Cars 


By  DAVID  3EECROFT 


Associate  Editor.  Motor  Age 


L 


ITTLE  short  of  a  revolution  in 
passenger  railroad  traffic  is 
looked  for  as  a  result  of  the  suc- 
cessful testing  of  a  new  type  of 
railroad  car,  which  is  of  the  gasoline- 
electric  build,  carrying  as  it  does  a  gaso- 
line engine  which  furnishes  the  power  to 
drive  an  electric  generator  carried  on  the 
car,  and  the  generator  in  turn  supplying 
the  electric  current  for  driving  electric 
motors  carried  on  the  car  trucks.  This  car 
has  all  the  flexibility  of  speed  that  the 
electric  trolley  possesses  ;  and  has  the  ad- 
ditional advantage  that  it  does  not  re- 
quire overhead  electric  wires  for  conduct- 
ing the  electric  current,  or  a  third  rail 
along  the  surface,  but  can  operate  on  the 
lines  of  any  steam  railroad,  being  in  itself 
a  complete  unit,  carrying  the  fuel  to  op- 
erate the  gasoline  engine  and  furnishing 
itself  the  electricity  that  runs  it. 

A  palatial  car  of  this  tvpe  has  recently 
been  built  by  the  J.  G.  Brill  Co.,  of  Phila- 
delphia ;  and  on  March  1  it  started  from 
New  York  on  a  run  to  San  Francisco, 
going  to  Chicago  by  way  of  the  New- 
York  Central  and  Lake  Shore  lines,  and 
making  the  western  stage  of  the  journey 
on  the  tracks  of  the  Rock  Island,  St. 
Louis  &  San  Francisco,  and  Southern 
Pacific  Railroads.  From  the  Atlantic  to 
the  Mississippi  the  car  behaved  amazing- 
ly well,  traveling  at  speeds  as  high  as 
sixty  miles  per  hour  and  riding  with  the 


ease  and  comfort  of  a  modern  Pullman. 
The  last  leg  of  the  journey  is  now  being 
made,  and  A  is  expected  the  experience 
with  mountain  grades  and  curves  will 
still  further  prove  the  adaptation  of  this 
style  of  passenger  coach  for  all  grades 
of  railroading.  After  completing  its 
transcontinental  trip,  it  will  operate  on 
regular  schedule  over  the  lines  of  the 
Santa  Fe  between  Kansas  City,  Mo.,  and 
Olathe  and  southwestern  Kansas. 

The  car  body  is  fashioned  after  the 
lines  of  the  large  interurban  electric 
cars  now  in  general  use,  except  that  the 
trucks  used  are  much  heavier,  the  steel 
framework  is  made  commensurate  with 
the  greater  strains  consequent  upon  trav- 
eling at  speeds  as  high  as  sixty  miles  per 
hour,  and  the  body  framework  is  stoutly 
braced,  the  same  as  in  the  steam  railroad 
coaches  on  standard  railroad  lines.  The 
car  body  measures  fifty-two  feet  nine 
inches  in  length  and  is  divided  into  four 
>(  mipartments : 

A  forward  one.  fourteen  feet  eight 
inches  in  length  and  occupying  the  entire 
width  of  the  car,  in  which  is  housed  the 
gasoline  motor  and  the  electric  generator, 
as  well  as  the  tank  rooms  for  carrying 
the  gasoline  for  the  engine  and  the  cool- 
ing water  for  it.  Behind  this  is  the  pas- 
senger section  occupying  the  remainder 
of  the  car,  but  subdivided  into  a  smoking 
compartment,  to  the  rear  of  the  engine- 
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.  in  which  is    accommodation    for 
eight,  with  a  saloon  in  rear  of  this,  and 
then  the  large  pass<  nger  quarters  twent) 
inches  in  length  and  pos 
ating   space   For   fort)    passen 
ir  plat  form,  completel)  en 
•    otherwise,  has  side  gates   for 
suffictenl 
ation  purposes^    I  sing 
le   Pulfman  windows  gives  the  ex 
a  pleasing  appearance, 
which  is  well  carried  <>nt  in  the  interior 
gements,   furnished  largel)    on  the 
observation  car  design  with  heavily  up- 
red    wicker    divans    and    reclining 
chairs,  disposed  along  either  side  oi  the 
car  and  having  electric  lights  throughout, 
carpeted   floor,  hat   racks,   writing  desks. 
and  every  luxury  associated  with  modern 
travel. 

The  disposition  of  the  power  plant 
can  he  best  followed  by  a  passing  ref- 
erence to  the  diagram  showing  the  dii 
ferent  parts.  The  six-cylinder  gasoline 
motor  is  shown  at  E,  and  in  the  car  is 
located  well  to  the  front,  being  approxi- 
mately above  the  forward  axle.  Imme- 
diately behind  it  and  attached  directly 
thereto,  is  the  large  direct-current  gen 
orator  D,  which  is  driven  by  the  gasoline 
engine  and  furnishes  the  electricity.  Be 
hind  this  is  shown  a  large  112-cell  stor- 
age battery  B,  intended  for  storing  up 
the  electricity  when  running  on  level 
.  and  having  it  ready  for  such  emer- 
gencies as  grades  or  heavy  loads.  This 
battery  is  carried  beneath  the  framework 
of  the  car.  midway  of  the  front  and  rear 
axle.  The  front  and  rear  car  trucks  M 
are  for  the  purpose  of  illustration  shown 
closely  together.  The  electric  motor  is 
carried  by  them  in  trolley  fashion,  and 
the  wiring  from  the  generator  and  bat- 
tery  through  the  starting  rheostat  R  and 
the  commutator  C  is  indicated.  The 
control  of  all  of  these  elements  calls  for 
but  one  man.  corresponding  to  the  en- 
gineer of  a  steam  locomotive,  the  fireman 
being  eliminated.  His  duties  are  simple. 
The  gasoline  engine  with  its  electric 
generator  is  started,  and  throughout  the 
trip  scarcely  any  attention  is  bestowed 
on  the  engine,  as  it  has  a  governor  capa- 
ble of  maintaining  it  at  a  constant  speed 
of  four  hundred  revolutions  per  minute. 
Automatic  arrangements  are  made  so 
that  when  the  current  is  not  being  used 


l>\  the  electric  motors  propelling  the  car. 
u  is  used  in  recharging  the  battery ; 
and  the  addition  of  further  automatic 
devices  makes  ii  impossible  for  the  bat- 
ter) to  be  overcharged  and  so  impair  its 
usefulness.  Consequently  the  only  re- 
sponsibilit)  resting  upon  the  operator  is 
tin-  regulating  of  the  speed  of  the  ma- 
chine through  his  electric  motors,  his 
duties,  in  fact,  being  no  greater  than 
those  of  the  inotorman  on  a  trolley  car. 
This  fact  constitutes  one  of  the  great 
merits  of  this  unique  system  of  transpor- 
tation, in  that  hut  two  men  are  needed 
for  each  car — an  operator  and  a  con- 
ductor. 

Looking  more  closel)  at  the  several 
units  comprising  the  power  plant  of  this 
car,  the  gasoline  motor  comes  in  for  first 
consideration  in  that  it  is  the  prime 
mover — the  unit  which  generates  the 
power.  It  has  six  cylinders,  each  with 
a  bore  of  8  inches  and  a  10-inch  stroke, 
and  when  running  at  its  normal  rate 
produces  one  hundred  and  thirty  horse- 
power. The  cylinders  are  grouped  in 
two  sets  of  three  each,  and  the  sets  are 
arranged  with  each  other  like  the  arms 
of  the  letter  V,  a  construction  that  makes 
a  very  compact  machine.  Owing  to  the 
high  rate  of  speed  at  which  this  cylinder 
works,  it  is  necessary  to  cool  the  cylinder 
walls  by  water-jacketing  them  and  caus- 
ing water  to  flow  through  these  jackets 
continuously,  the  flow  of  water  being 
maintained  by  a  pump  driven  by  the 
motor.  The  water  supply  is  carried  in  a 
large  tank  in  the  vestibule  between  the 
engine  compartment  and  the  passenger 
section.  The  pump  draws  it  from  this 
tank.  and.  forcing  it  through  the  jackets 
of  the  cylinders,  thence  drives  it  through 
a  series  of  coil  pipes  carried  on  the  roof 
of  the  car.  While  passing  through  these 
coils  it  is  cooled  by  the  air  current,  and 
then  returns  to  the  water  tank  to  be  used 
again.  A  touch  of  economy  is  intro- 
duced, in  connection  with  this  water  sys- 
tem in  the  manner  of  having  water 'coils 
within  the  passenger  section  so  that  in 
winter  weather  the  hot  water  passes 
through  these  coils  instead  of  those  on 
the  roof  and  so  heats  the  car  without  a 
cent  of  additional  expense.  A  gasoline 
motor  running  continuously  for  hours  at 
high  speed  requires  careful  oiling  of  all 
parts  :  and  to  insure  this,  a  positive  luhri- 
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eating  system  has  been  installed  in  which 
a  gear-driven  pump  is  carried  in  the  oil 
reservoir ;  and  this  pump  forces  the  oil 
through  separate  pipings  to  each  cylinder 
and  bearing,  making  it  impossible  for  a 
bearing  to  run  dry.  To  insure  the 
operator  that  the  pump  is  working,  a  set 
of  glass  tubes  are  mounted  on  the  engine, 
and  the  passage  of  the  oil  through  each 
pipe  can  be  seen  in  these  tubes. 

This  engine  consumes  very  little  fuel  in 
proportion  to  the  work  it  does,  and  can 
run  mile  after  mile  on  45-100  of  a  gallon 
of  gasoline.  This  fuel  is  readily  secured 
in  quantities  at  10  cents  per  gallon,  so  that 
the  cost  of  running  the  car  each  mile  is 
four  and  one-half  cents.  In  the  vestibule 
of  the  car,  just  to  the  rear  of  the  engine- 


in  the  power  plant,  the  electric  generator 
used  is  of  the  fifty-kilowatt,  two-hun- 
dred-and-fifty-volt  type,  and  is  made  to 
operate  at  this  voltage  instead  of  five 
hundred  because  of  the  ease  with  which  it 
can  then  work  in  unison  with  the  storage 
battery.  The  using  of  five  hundred  volts 
would  necessitate  the  doubling  of  the 
battery  capacity  and  the  making  of  it 
unnecessarily  large  and  heavy.  This 
generator  runs  at  four  hundred  revolu- 
tions per  minute,  the  same  speed  as  the 
gasoline  motor.  On  each  car  truck  is  a 
fifty-horse-power,  series  wound  electric 
motor  of  the  same  design  as  those  used 
on  the  ordinary  trolley  car.  For  the  op- 
eration of  these  is  a  pair  of  K-13  con- 
trollers.    The  large  storage  battery  has 
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DIAGRAM    SHOWING   OUTLAY   OF   MACHINERY   IN    CAR. 
E — gasoline  motor ;  D— electric  generator ;  B — storage  battery ;   C— controller;  A" — rheostat;  XI—  motors  on  trucks. 


room,  is  a  one-hundred-gallon  gasoline 
tank  which  at  this  consumption  will  carry 
the  car  two  hundred  and  twenty-five 
miles,  which  interpreted  means  that  the 
car  can  on  any  road  make  this  distance 
without  a  stop.  Running  on  this  basis, 
the  nine  hundred  and  twenty  miles  from 
New  York  to  Chicago  by  the  Pennsyl- 
vania lines  can  be  made  with  but  three 
stops  midway  for  taking  on  more  fuel ; 
and  the  expense  of  gasoline  for  such  a 
trip  would  be  but  forty-one  dollars  and 
eight  cents — a  few  dollars  more  than  the 
cost  of  one  first-class  fare  between  these 
places  on  an  eighteen-hour  train.  The 
car  is  capable  of  making  fiftv  miles  an 
hour ;  and  putting  this  speed  ability  side 
by  side  with  the  cost  of  operation, 
the  economy  of  the  car  becomes  ap- 
parent. 

Glancing  next  at  the  remaining  units 


one  hundred  and  twelve  cells  and  carries 
a  two  hundred  ampere-hour  capacity. 
The  use  of  this  battery  is  owing  to  the 
fact  that  the  gasoline  engine  runs  all  of 
the  time  at  the  same  speed,  and  conse- 
quently the  electric  generator  is  generat- 
ing current  all  of  the  time.  On  heavy 
grades  and  with  heavy  loads,  all  or  more 
current  than  the  generator  can  produce 
may  be  needed,  and  at  such  times  the 
storage  battery  comes  to  the  aid  of  the 
generator  and  furnishes  additional  cur- 
rent. This  is  especially  the  case  in  start- 
ing with  heavy  loads  when  a  large  cur- 
rent is  needed.  At  other  times  when 
running  down  grades,  the  car  practically 
does  not  consume  any  current,  at  which 
time,  however,  the  gasoline  engine  is 
working  at  its  same  speed  and  the  cur- 
rent is  then  stored  up  in  the  battery. 
This  gives  this  style  of  car  a  great  range 
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for  such  cars.  Steam  roads  arc  wel- 
coming  them  at  present  for  suburban 
work  where  the  trolley  car  has  robbed 
them  of  the  lion's  share  of  the  traffic. 

The  car  can  be  run  on  the  standard 
track  withoul  the  slightest  change,  and 
has  the  same  facility  in  quick  stopping 
and  starting  as  the  trolley,  and  a  much 
higher  sped  range.  Another  field  is  on 
railroad   lines   through  thinly  populated 
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alone:  the  tracks  arc  not  needed,  neither 
is  the  dangerous  third  rail,  nor  the  elec- 
trical connections  between  the  rails  of  the 
track.  Doing  away  with  overhead  wires 
eliminates  the  necessity  of  an  electric 
repair  force  whose  duty  is  to  attend  to 
This  is  a  great  advantage 
when  we  remember  the  havoc  that  sleet 
storms,  heavy  snow  storms,  and  violent 
winds  are  apt  to  work  with  the  wires  or 
the  third  rail.  Compared  with  steam 
die  range  of  usefulness  of  this  car 
attracts  notice.  The  ordinary  steam  en- 
gine goes  hut  a  hundred  miles  or  less, 
when  it  must  stop  to  take  on  a  fresh 
supply  of  coal  and  water;  hut  this  gaso- 
line-electric product  carries  fuel  for  two 
hundred  and  twenty-five  miles  and  has 
sufficient  water  for  more  than  a  day's 
continuous  running.  The  smoke  nuisance 
ind  the  expense  i  if  i  iperation 
is  amazingly 

A  broad  field   of   Usefulness   is   offered 


districts  where  the  passenger  traffic  does 
not  warrant  the  running  of  steam  trains 
daily.  <  >n  such,  this  type  of  car  can  he 
run  at  little  expense  and  giving  a  service 
double  and  treble  that  of  a  steam  line. 
The  western  roads  have  taken  the  matter 
up  in  earnest,  and  are  not  only  experi- 
menting hut  actually  using  cars  over 
regular  scheduled  routes.  The  Union 
I  'acific  started  its  first  car  one  year  ago, 
and  now  has  several  more  almost  ready 
for  operation  ;  the  Chicago  &  Alton  are 
experimenting  over  their  lines  between 
St.  Louis  and  Kansas  City  ;  and  the  Lake 
Shore  is  at  present  building  its  first  car 
of  this  type.  Abroad,  greater  progress 
has  been  made.  In  England  the  Great 
Western  Railroad  has  several  services  of 
these  cars  over  routes  where  the  traffic  is 
light,  and  the  line  from  London  to 
Brighton  and  thence  to  Kemp  has  re- 
cently been  fitted  entirely  with  this  style 
of  car. 


Some  Close  Calls  I  Have  Known 


By  HUDSON  MAXIM 

Inventor  of  Maximite,   Motorite,  etc. 

Through  an  error  made  in  editing  Mr.  Wm.  R.  Stewart's  article  on"  Motorite."  printed  in  the  April  number  of  The 
Technical  World  Magazine,  the  invention  of  Motorite  and  also  of  Maximite,  used  by  the  United  States  Government  as  a 
high  explosive  in  marine  torpedoes,  was  credited  to  Hiram  Maxim.  As  most  people  know,  Hudson  Maxim  is  the  inventor 
of  both  Motorite  and  Maximite,  and  his  name  should  have  been  used  in  Mr.  Stewart's  article.  Official  tests  of  Motorite 
are  now  about  to  be  made,  and  it  seems  likely  that  Hudson  Maxim's  new  emergency  fuel  for  torpedo-boats  will  be 
adopted. — The  Editors. 


MR.  WILLIAM  R.  STEWART, 
whose  article  on  Motorite  ap- 
peared in  The  Technical 
World  Magazine  for  April 
(wherein,  due  to  an  editorial  error,  I 
was  called  Hiram  instead  of  Hudson), 
has  asked  me  to  tell  about  some  of  the 
very  close  calls  I  have  had  in  the  haz- 
ardous business  of  inventing  and  devel- 
oping explosives. 

The  greatest  source  of  danger  in  work- 
ing with  explosive  compounds  is  not 
carelessness,  at  least  conscious  careless- 
ness, but  it  is  due  to  the  fact  that  in  every 
occupation  there  is  a  tendency  for  volun- 
tarv  acts  to  gradually  become  automatic, 
and  therefore  unconscious.  It  is  this 
automatic  and  unconscious  tendency  that 
enables  the  agile  fingers  of  the  typewriter 
and  the  pianist  to  perform  automatically, 
leaving  the  conscious  mind  to  other 
duties.  We  all  know  how  we  frequently 
forget  whether  or  not  we  have  wound  a 
watch  or  shut  a  door,  to  find  on  investi- 
gation that  we  have  done  so,  but  entirely 
unconsciously. 

There  is  a  story  of  a  philosopher  who 
went  to  his  room  to  change  his  necktie 
in  haste,  for  a  lecture  he  was  to  deliver, 
and  who  actually  undressed  and  went  to 
bed.  It  was  said  in  joke  of  this  same 
philosopher,  that  he  once  put  his  dog  to 
bed  and  kicked  himself  downstairs.  It 
is  evident  that  the  development  of  high 
explosives  would  be  a  dangerous  business 
for  such  an  absent-minded  philosopher. 
Let  me  tell  you,  reader,  the  development 
and  handling  of  high  explosives  is  a 
very  dangerous  business  for  anyone. 
Even  with  the  greatest  care,  death  always 
hovers  about  anyone  engaged  in  this 
work.  When  he  leaves  home  in  the 
morning  he  never  knows  but  what  he 
will  be  brought  home  in  a  bag. 


It  is  true  that  one  gets  vised  to  the 
danger,  just  as  a  veteran  soldier  gets 
used  to  it;  but  it  does  not  lessen  the 
danger. 

One  day,  twelve  years  ago,  at  Maxim, 
New  Jersey,  a  small  place  named  for  me, 
where  I  built  a  couple  of  powder  mills, 
I  was  experimenting  with  a  fulminate 
of  mercury  compound,  one  of  the  most 
dangerous  and  deadly  explosives  known 
to  science,  when,  owing  to  a  little  over- 
sight, my  left  hand  was  blown  off  to  the 
wrist.  At  another  time,  when  one  of  my 
assistants  was  weighing  out  some  of  this 
dangerous  material  in  the  laboratory,  an 
arm  supporting  the  scoop  of  the  scales 
gave  way,  and  an  iron  weight  fell,  strik- 
ing within  an  inch  of  a  quantity  of  this 
material  which  was  piled  on  a  piece  of 
glass.  Had  it  struck  the  glass  there 
would  have  been  an  explosion,  and  as 
there  were  ten  pounds  of  the  fulminate 
in  a  jar  standing  on  the  bench,  I  regarded 
that  as  a  pretty  close  call. 

At  another  time,  wishing  some  dry 
guncotton  for  an  experiment,  and  not 
finding  a  suitable  vessel  to  put  it  in,  I 
was  delayed  a  few  minutes  until  one 
could  be  cleaned.  While  this  was  being 
done,  the  guncotton  dry  house  where  I 
was  going  for  the  material,  blew  up. 

One  fine  morning,  I  was  conducting 
some  experiments  in  throwing  aerial  tor- 
pedoes from  a  four-inch  cannon.  These 
projectiles,  charged  with  a  high  explo- 
sive, were  fired  into  a  sand-bank  about  a 
hundred  yards  distant,  the  line  of  fire 
being  parallel  with  the  line  of  railroad 
about  a  thousand  feet  away.  Several  ■ 
of  these  projectiles,  one  after  another, 
had  already  been  discharged,  and  the 
gun  was  again  loaded,  when  the  whistle 
of  a  passing  train  was  heard.  The  gun 
was  fired,  and  the  aerial  torpedo,  instead 
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of  lodging  in  the  bank  and  exploding,  as 
the  previous  ones  had  done,  entered  the 
bank,  glanced  out,  mounted  high  in  the 
air,  and  went  clear  over  the  passing 
train  into  the  swamp  beyond.  We  were 
a  little  anxious  when  we  saw  the  torpedo 
sailing  toward  that  train. 

On  a  round  of  inspection  one  day, 
seven  of  us  went  into  the  gun-cotton  dry 
house,  where  about  fifty  pounds  of  gun- 
cotton  was  drying  in  trays.     I  remarked 


to  the  man  in  charge  of  the  drying  that 
the  room  was  too  hot,  and  that  there 
was  an  acid  smell  which  boded  danger, 
and  that  we  better  get  out  instantly.  We 
got  out — all  of  us  except  one  man.  He 
was  an  Englishman,  and  nothing  on 
earth  could  make  him  hurry,  and  nothing 
could  disturb  his  equilibrium.  The  gun- 
cotton  fired.  There  was  a  flash,  demol- 
ishing the  building.  The  Englishman, 
who  was  in  the  room  at  the  time,  was  not 
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killed,  but  was  terribly  burned  about  the 
face,  hands,  and  arms.  His  heavy  cloth- 
ing protected  the  rest  of  his  body.  I 
was  struck  with  horror  at  the  sight  of 
him,  for  the  skin  hung  in  shreds  from 
his  face  and  hands.  But  his  own  mind 
was  entirely  unruffled,  and  he  remarked, 
in  his  usual  cool,  deliberate  manner, 
"Mr.  Maxim,  I  saw  exactly  what  oc- 
curred, and  how  it  occurred  ;  and  it  is 
not  often  that  one  has  an  opportunity  of 
doing  this  in  an  explosion,  and  being 
able  to  tell  of  it  afterwards."  The  burns 
being  only  superficial,  he  soon  recovered, 
and  was  as  well  as  ever. 

In  connection  with  my  .experiments 
with  the  development  of  motorite,  I  have 
had  several  pretty  close  calls.  Motorite 
is  a  compound  consisting  of  about  sev- 
enty per  cent  nitroglycerin,  and  thirty 
per  cent  gun-cotton,  which  is  combined 
with  the  nitroglycerin,  forming  a  some- 
what rubbery  substance.  Motorite  can- 
not explode  or  detonate.  It  can  only  burn 
from  the  exposed  surfaces  like  a  piece  of 
celluloid,  only  much  more  rapidly.  When 
burned  in  a  confined  space,  the  rapidity 
of  combustion  increases  directly  with  the 
pressure,  and  if  the  container  explodes 
from  the  pressure  the  remaining  motorite 
which  has  not  been  consumed  will  be 
extinguished  by  the  expansion  of  the 
gases.  Motorite  is  used  as  a  fuel  to 
evaporate  water  by  mixing  the  flame  and 
the  water  together ;  and  as  it  is  self- 
combustive — that  is  to  say,  as  it  does  not 
require  air  to  support  its  combustion,  it 
will  burn  under  water. 

The  first  time  I  made  this  material.  I 
engaged  an  old  nitroglycerin  maker  and 
his  assistant  to  help  me.  The  weather 
being  cold,  there  was  a  roaring  fire  in 
a  big  barrel  stove  in  one  of  the  houses. 
My  wife,  who  was  with  me,  was  keep- 
ing warm  by  this  fire.  She  called  my 
attention  to  a  big  pail,  full  of  a  sus- 
picious-looking liquid,  which  she  said  one 
of  the  men  had  placed  there  to  warm,  and 
as  he  frequently  returned  to  stir  up  the 
fire,  and  as  occasionally  a  spark  would 
light  in  this  pail  of  liquid  and  be  extin- 
guished by  a  very  thin  film  of  water 
upon  the  top,  she  concluded  that  it  might 
be  dangerous  if  it  should  happen  to  be 
nitroglycerin.  It  was  nitroglycerin.  The 
man  was  scolded,  the  nitroglycerin  was 
removed.     Ten   minutes   later    I    visited 


the  boiler  house,  which  was  perhaps  fifty 
feet  distant.  There  sat  the  same  pail  of 
nitroglycerin  ;  one  man  was  stirring  up 
the  furnace,  while  the  other,  spreading 
out  as  wide  as  possible,  had  interposed 
himself  between  the  scintillating  source 
of  sparks  and  the  pail  of  nitroglycerin. 

The  first  motorite  which  I  made  was 
formed  into  round  bars  of  the  proper  size 
by  stuffing  the  material  through  a  die. 
These  rods  were  then  varnished  upon  the 
outside  surface  and  sealed  into  steel 
tubes,  so  that  when  a  rod  was  ignited 
upon  one  end,  it  could  not  fire  down  the 
side  of  the  rod,  but  must  be  consumed 
from  the  exposed  end  only.  But,  as  I 
afterwards  discovered,  these  rods  were 
not  perfect  in  structure,  as  they  contained 
longitudinal  flaws,  which  though  too 
small  to  be  seen  by  the  naked  eye,  were 
still  large  enough  for  the  flame  to  enter 
under  pressure  and  cause  an  explosion, 
as  will  presently  be  seen. 

When  my  first  motorite  apparatus  was 
tested,  a  couple  of  sticks  burned  all  right, 
as  these  happened  to  be  flawless.  The 
next  went  off  with  a  noise  like  a  ten-inch 
gun.  Three  of  us  were  standing  around 
the  machine,  and  we  all  thought  we  were 
dead  for  the  instant ;  but  the  machine 
had  not  actually  exploded.  The  material 
had  blown  out  through  the  safety  valves, 
slightly  burning  a  young  man  who  was 
assisting  me. 

[  then  hired  another  place  to  conduct 
the  experiment,  as  the  above  episode  had 
placed  the  machine  under  suspicion  at 
the  first  place.  I  was  soon  again  ready 
to  repeat  the  test.  I  thought  I  had  dis- 
covered the  trouble,  but  I  had  not,  for  I 
had  not  yet  found  out  that  the  trouble 
was  due  to  the  longitudinal  Haws  in  the 
material.  There  were  two  of  us  in  the 
room  when  the  test  was  made — a  young 
Irishman  and  myself.  He  said  he  was 
not  afraid  if  I  was  not.  Ready!  The 
button  was  touched  to  ignite  the  motorite. 
There  was  a  flash  and  a  terrific  bang. 
The  machine  was  blown  to  fragments 
which  were  hurled  in  all  directions  about 
the  room,  making  deep  dents  in  the 
walls ;  but  fortunately  neither  of  us  was 
hit.  The  windows  were  blown  out,  sash 
and  all.  I  then  went  away  from  that 
place,  and  built  a  laboratory  especially 
for  the  purpose  of  making  further  tests. 
This    laboratory    was   built    with    heavy 
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rods  were  thru  made  smooth,  varnished, 
and  sealed  into  steel  tubes,  and  the  prob 
lem  was  successfully  solved.    A  new  ap 
pa  rat  us    was    immediately    made.      The 
test    of    this    was   eminently    successful. 
The  acc< >mpanying  photograph  was  taken 
of  the  apparatus  in  operation,  the  burn- 
ing motorite  evaporating  water  and  mak- 
ing strain,  w  hich  is  blowing  out  of  the 
|i    under  300  pounds  pressure. 
Profiting  by   the  success   of   this  ex- 
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merit  of  the  machine  came  out  at  the 
door, "embedding  itself  in  the  barrier  in 
front  of  lis.  Fortunately,  in  examining 
the  wreck  of  this  apparatus,  I  discovered 
exactly  what  the  trouble  was ;  for  the 
ite  on  this  occasion,  being  made 
stiffer  than  for  previous  tests,  had  not 
n  out  of  the  tube,  but  the  motorite 
itself  was  shattered  into  fragments  by 
the  fire  down  the  central  flaw,  and  was 
found  attached  to  fragments  of  the  tube. 
I  thereafter  made  my  motorite  rods 
by  cutting  circular  disks  from  sheets  of 
the  material  and  sealing  them  together. 
building  up  the  rods  in  that  way.    These 


periment,  a  full-sized  torpedo  apparatus 
was  next  made,  and  a  special  laboratory 
was  built  on  Lake  Hopatcong,  Xew  Jer- 
sey, for  continuing  the  experiments. 
After  one  year  of  hard  work,  I  was  ready 
for  the  important  test,  and  a  committee 
of  my  associates  were  to  visit  me  the 
following  day  for  the  official  experi- 
ments. On  this  previous  day,  I  was 
called  away  to  Morristown,  Xew  Jersey, 
as  expert  on  a  case  in  court,  leaving  the 
laboratory  in  the  charge  of  my  assistant. 
On  my  return  from  Morristown,  I 
learned  that  there  had  been  an  explosion, 
killing    my    assistant,    and    I    found    my 
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place  burned  to  the  ground.  As  my  as- 
sistant was  an  old  explosives  man  and  a 
very  intelligent  and  a  very  careful  and 
reliable  man,  it  is  perfectly  inconceiv- 
able how  he — if  it  was  he — could  have 
produced  an  accident. 

This  necessitated  my  beginning  all 
over  again.  Another  apparatus  was 
built,   and  another  complete   plant  was 


erected,  and  at  the  end  of  about  another 
year  a  very  satisfactory  test  of  a  full- 
sized  torpedo  apparatus  was  made.  So 
great  was  the  force  of  the  steam  issuing 
from  the  nozzle  that  the  roar  could  be 
plainly  heard  for  a  distance  of  two  miles. 
Since' that  time,  a  complete  torpedo  has 
been  constructed,  and  this  will  soon  be 
tested. 


Moral  Cosmetics 

By  HORACE  SMITH 
The  English  Poet.     Born,  1779;  died.  1849. 

E   who  would  have  your  features  florid. 
Lithe  limbs,  bright  eyes,  unwrinkled  forehead. 
From  age's  devastation  horrid. 

Adopt  this  plan — ■ 
'Twill  make,  in  climate  cold  or  torrid, 

A  hale  old  man  : 


Avoid  in  youth  luxurious  diet ; 
Restrain  the  passions'  lawless  riot ; 
Devoted  to  domestic  quiet. 

Be  -wisely  gay ; 
So  shall  ye,  spite  of  age's  fiat. 

Resist  decay. 

Seek  not  in  Mammon's  worship  pleasure. 
But  find  your  richest,  dearest  treasure 
In  God,  His  word.  His  work,  not  leisure 

The  mind,  not  sense. 
Is  the  sole  scale  by  which  to  measure 

Your  opulence. 

This  is  the  solace,  this  the  science. 
Life's  purest,  sweetest,  best  appliance. 
That  disappoints  not  man's  reliance, 

Whate'er  his  state. 
But  challenges,  with  calm  defiance. 

Time,  fortune,  fate. 


Life  Stories  of  Successful  Men 

J.  R.  BOOTH 

lu     WILLIAM    R.  STEWART 


FR<  )M  a  mill  hand  to  a  millionaire  ; 
.1  worker  on  railroads  t<  i  a 
railwa)  magnate  and  lumber 
king-  such  is  the  history  in  out- 
line  oi  I.  R.  Booth,  the  possessor  of  about 
six  thou-. Mid  square  miles  of  Canadian 
timber  wraith,  and  the  largest  owner, 
in  his  own  right,  of  railways  in  British 
th  Ann  rica. 

Seeing  Mr.  Booth  driving  around  the 
city  of  Ottawa,  *  mtario,  in  an  old-fash- 
ioned buggy,  quietly  dressed  after  the 
manner  of  a  well-to-do  farmer,  one 
would  scarcely  imagine,  from  outside  ap- 
pearances, that  he  was  a  prince  of  in- 
dustries. But,  attention  once  called  to 
him,  the  observer  cannot  fail  to  note  the 
forceful,  self-reliant,  and  energetic  coun- 
tenance which  looks  from  beneath  the 
narrow-rimmed  soft  felt  hat,  covering  a 
rich  crop  of  hair,  once  of  a  sandy  color 
but  now  of  a  silvery  hue. 

Mr.  Booth  was  born  in  Shefford 
County,  Quebec,  of  Irish  parents,  in 
and  spent  his  boyhood  days  on  his 
father's  farm.  Like  the  average  farmer's 
son  of  that  time,  he  received  a  good  com- 
mon school  education,  and  then  his 
father  set  himself  to  teach  him  the  mys- 
teries of  farming.  But  the  younger 
Booth  saw  little  that  attracted  him  in  the 
growing  and  harvesting  of  crops,  and  his 
ambitious  and  mind  failed  to  be 

contented  with  the  monotony  of  farm 
life.  So  he  left  home  when  he  reached 
manhood,  and  went  to  New  England. 
For  a  few  years  he  worked  around  the 
saw-mills  of  the  Eastern  States,  earning 
an  ordinary  laborer's  wage  in  various 
capacities,  but,  unlike  the  ordinary 
laborer,  familiarizing  himself  the  while 
with  every  detail  of  the  industry.  Ik- 
did  not  purpose  being  a  laborer  always. 

In  1856.  when  thirty  years  of  age.  Mr. 
Booth  returned  to  Canada.  He  had 
learned  all  that  Xew  England  could  teach 
of  saw-mills,  and  the  vast  undeveloped 
forests  to  the  north  seemed  to  offer  more 
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promising  scope  for  the  employment  of 
his  energies.  Yet  his  fust  enterprise  had 
a  modest  enough  beginning,  lie  built  a 
small  saw  and  shingle  mill  in  the  town 
of  Mull,  across  the  river  from  (  Htawa, 
then  known  as  Bytown,  and  in  the  first 
year  made  a  profit  of  something  less  than 
$500  on  his  investment. 

The  total  cut  of  timber  in  the  Ottawa 
valley  in  that  year  was  thirty-five  mil- 
lion feet.  Last  year  Mr.  Booth's  mills 
alone  sawed  more  than  one  hundred  and 
twenty-five   million    feet. 

Two  or  three  years  later  he  moved  to 
Ottawa.  Ottawa  was  then  a  small  lum- 
ber town,  and  no  one  at  that  time  sus- 
pected that  it  was  to  be  the  future  politi- 
cal capital  of  the  confederated  Dominion. 
Mr.  Booth  had  by  this  time  accumulated 
a  little  money — and  at  any  rate  his 
"credit"  was  good — and  he  erected  a 
saw -mill  of  considerable  proportions  on 
the  site  where  his  mills  stand  to-day.  The 
latter  are  now  among  the  largest  on  the 
American  continent,  having  a  capacitv 
of  150.000.000  feet  during  the  limited 
season  in  which  saw-mills  are  usually 
operated  in  that  northern  country. 

About  this  time  Mr.  Booth  began  to 
buy  up  a  supply  of  timber.  The  oper- 
ation of  saw-mills  was  in  itself  an  in- 
dustry of  magnitude,  but  with  the  fore- 
sight of  the  general  wdio  while  conduct- 
ing an  aggressive  campaign  does  not  fail 
to  provide  for  a  base  of  supplies,  he  saw 
that  the  successful  mill  owner  of  a  later 
day  would  be  he  who  had  his  own  raw 
material.  So  Mr.  Booth's  face  became 
a  familiar  one  at  every  public  sale  of  tim- 
ber limits  in  the  country.  In  those  early 
days  of  the  industry  in  Canada,  >when 
extreme  conservatism  pervaded  every 
class  of  business  enterprise,  Mr.  Booth 
was  in  the  habit  of  making  what  were 
characterized  by  older  and  more  "ex- 
perienced" heads  as  extremely  bold  and 
venturesome  purchases.  In  a  conversa- 
tion with  the  writer  recentlv,  he  said  that 
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an  offer  to  buy  a  timber  limit  was  never 
refused  by  him.  It  was  in  this  way  that 
much  of  the  most  valuable  standing-  pine 
forests  on  the  Ottawa  river  and  its  tribu- 
taries, as  well  as  in  the  Georgian  Bav  dis- 


nections  by  rail  with  the  outside  world 
had  been  by  short  lines  which  joined  the 
main  line  of  the  Grand  Trunk  at  the 
frontier.  The  Canadian  Pacific  secured 
control  of  these  branch  lines,  and  made 


trict,  became  in  time  the  property  of  Mr. 
Booth. 

In  the  early  '80's  the  facilities  for  ship- 
ping lumber  to  Boston  and  other  sea- 
ports were  very  inadequate  in  the  Ot- 
tawa district.  The  building  of  the  Ca- 
nadian Pacific  Railway  made  matters 
worse  instead  of  better.     Ottawa's  con- 


railroad  connections  from  Ottawa  with 
its  great  rival  almost  impossible.  In 
order  to  be  able  to  export  his  lumber  in 
winter  as  well  as  in  summer,  Mr.  Booth 
then  built  the  Canada  Atlantic  Rail- 
way, from  Ottawa  to  Rouse's  Point, 
N.  Y.  Later  on,  seeing  the  great  ad- 
vantages  to   be   obtained   by   the   exten- 
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omed    to    colossal 
When  the  Minister  >>i  Railways 
the  members  that    Mr.    Booth 
him  "t"  his  ability  t<>  carry 
ugh  the  undertaking  alone  and  un- 
I,  public  attention  was  \<  >r  the  first 
lit   cted  t<>  the  lumber  merchant  as 
>impl)  a  millionaire  but  a  man  who 
Fraid  t"  use  his  great  \\  ealth  in 
tin    development    and    commercial    ad- 
ment  of  the  country. 
By    the    construction    of    the     Parry 
S.unid    Railway,   which    is   260  miles   in 
nnect  with  the  Canada  At 
lantic,  the  distance  by  rail  between  Chi- 
and   Montreal  was  reduced  to  880 
miles.       The     shortest     route     through 
United    States   territory,   via    Buffalo,   is 
1.344  miles.     From   Duluth  to   Montreal 
by  the  Canadian  Tarry  Sound  route,  the 
distance   is  955   miles;    from    Duluth   to 
New   York,   it   is    1.452   miles.      Vessels 
occupy    three    weeks    in    the    round   trip 
from   l'ort  Arthur.  Duluth.  and  Chicago 
gfdensburg  and  back.     <  me  week  is 
tlie  time  taken  from  these  points  to  Parry 
Sound   and   return.      Mr.    Booth   by   his 
enterprise    succeeded    in    shortening   the 
ce  ti  i  1  -iv.  rpi « <]  by  451 »  miles. 
Wdifrid   Laurier,  the  present  Pre- 
mier of  Canada,  speaking  at  the  tin 
the  merits  of  the  undertaking,  said:    "If 
•  ill  look  at  a  map  of  Canada  you 
will  see  at  a  glance  the  great  benefit  in 
us  by  the   Parry  Sound  route 
n  air  line.     It  is  a  line 
that  would  be  followed  by  a  carrier  pig- 
'  the  hird  started  for  Parry  Sound 
and    flew   hack   to   the   pigeon    house   at 
'Die  Parry  Sound  Railroad  is 
pleted  through  the  courage  and 
f  J.  R.  Booth." 
It  was  a  Herculean  task  to  be  under- 
taken by  a  single  capitalist,  to  build  260 
railroad     through    a    country 
which,  except  for  a  few  miles  after  leav- 
•ttawa,  was  wholly  undeveloped  and 
unsettled.      But    Mr.     Booth    proceeded 


with   the   work,  quietly  and   unostenta 
tiously,   and    practicallj    withoul    assist 

ance  except  for  the  usual  subsidies  which 
the  Canadian    Parliament   grants  to  such 

enterprises.  In  round  figures  the  con 
structi<  in  I  if  the  I  'am  S<  mnd  and  (  an 
ada  Atlantic  railroads  cost  Mr.  Booth 
$12,01  0,1  00.  The  rapid  progress  which 
the  cit)  of  «  )ttawa  and  surrounding  dis- 
trict has  since  made,  is  in  great  measure 
due  to  their  existence. 

Some  time  ago  I  >r.  Seward  Webb,  of 

\ew  York,  had  an  option  on  these  roads, 
his    intention    being    to    operate    them    in 

connection  with  the  Rutland.  The  pros- 
pective deal,  however,  Fell  through.  It 
is  probable  that  the  Booth  system  will 
in  the  near  future  he  purchased  by  the 
I  »on  i  in  ion  ( lovernment  U  ir  the  purpose  of 
extending  the  Intercolonial  Railway  from 
Sydney,  Halifax,  and  St.  John  to  a  port 
on  the  Great  Lakes.  In  time  it  may  be 
continu<  d  to  the  Pacific  coast. 

ddie  success  of  his  ventures  has  not 
caused  Mr.  Booth  to  feel  ashamed  of  his 
humble  beginnings.  In  the  early  days 
of  the  Canada  Atlantic,  he  was  visiting 
Vermont,  and  one  day  made  a  trip  of  in- 
spection over  the  Vermont  Railway  in 
company  with  the  late  Governor  Smith, 
who  was  a  director  of  that  road.  It 
was  in  the  days  of  the  old  wooden 
bridges,  which  have  now  given  place  to 
the  more  modern  structures  of  iron  and 
steel.  One  of  the  party  called  attention 
to  the  fact  that  the  bridges  along  the 
line  were  bolted  with  wooden  pins. 

"Yes,"  remarked  Mr.  Booth,  "They 
are  oak  pins." 

"You  have  a  wonderful  eye,  Mr. 
Booth,"  said  one  of  the  directors,  "to  be 
able  to  tell  wdiat  those  pins  are  made  of." 

"Oh,  no,"  was  the  reply,  "the  reason 
I  know  is  because  I  drove  them." 

Both  political  parties  in  Canada  have 
at  times  claimed  that  they  had  the  po- 
litical support  of  Mr.  Booth,  hut  he  has 
steadily  refused  to  engage  actively  on 
either  side.  In  1896,  and  again  in  1900, 
Sir  Charles  Tupper  importuned  him  to 
contest  a  seat  in  the  Conservative  inter- 
est, hut  he  was  not  to  be  won  from  the 
industrial  to  a  political  life. 

Mr.  Booth  is  a  man  of  strong  person- 
ality, of  indomitable  courage  and  un- 
ceasing perseverance,  self-conscious  of 
his  own  ability  and  keenlv  ambitious  even 
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in  his  latest  years.  These  qualities  were 
shown  in  a  very  marked  degree  after  the 
great  fire  of  1900,  which  swept  away 
nearly  all  the  city  of  Hull  and  the  west- 
ern portion  of  Ottawa,  when  his  net  loss 
in  the  lumber  industry  exceeded  half  a 
million  dollars.  His  splendid  residence, 
his  great  saw-mills,  and  fields  of  sawn 
lumber  piles,  were  on  that  occasion 
burned  to  ashes.  But  he  immediately 
went  to  work,  rebuilt  his  mills  on  an  even 
larger  scale,  and  to-day  the  industry  is 
going  ahead  as  if  nothing  had  happened. 


In  his  personal  contact  with  others, 
Mr.  Booth  is  exceedingly  kind  and  sym- 
pathetic, ever  ready  should  occasion  arise 
to  act  the  part  of  the  good  Samaritan. 
This  trait  in  his  character  has  won  for 
him  not  only  the  respect  but  the  affection 
of  his  workmen ;  and  it  has  been  said  by 
one  of  his  managers,  who  has  been  in 
daily  association  with  Mr.  Booth  for 
over  33  years,  that  in  all  that  time  not 
a  word  had  been  said  to  him  which 
could  injure  his  feelings,  or  to  which 
the  slightest  objection  could  be  taken. 


Dinner-Pail  Philosophy 


C   Prayer   is   the   parent   of   perseverance. 

ML  Nothing    is    conquered    until    self    is    over- 
come. 

<L  The  heart  that  loves  must  be  prepared  to 

suffer. 

\C  No  man  finds  himself  until  he  is  willing  to 
I  be  lost. 

|C  Be  on  earth  what  good  people  hope  to  be 
I  in  heaven. 

C  If  you  would  succeed,  learn  to  know  what 
you  can't  do. 

C  We  are  all  willing  to  admit  the  depravity 
I  of  our  neighbors. 

|C  Unmerited    applause    has    been    responsible 
jfor  many  a  failure. 

C.  Men  who  lie  easily  get  into  many  places 
where  they  lie  hard. 

C.  Greatness  depends  not  upon  the  things  we 
do,  but  the  way  we  do  them. 


C.  Try  to  be  better  than  yourself  instead  of 
better  than  others. 

C  Strawberries  come  and  strawberries  go,  but 
prunes  go  on  forever. 

C.  The  surest,  best,  and  quickest  way  to  kill 
time  is  by  hard  work. 

C  Keep  your  promises  even  tho  the  doing  so 
causes  you  inconvenience. 

C,  A  man  is  never  happy  until  he  has  ceased 
to  care  whether  he  is  or  not. 

C  A  woman  never  really  enjoys  hurting  a 
man's   feelings   unless   she  loves   him. 

C,  When  a  young  husband  boasts  of  home 
cooking,   the   recording  angel  gets   indigestion. 

C.  Some  men  are  so  lucky  that  when  they 
lose  their  purses  there  was  never  anything  in 
them. 

C  Be  such  a  man,  live  such  a  life,  that  if  every 
man  were  such  a  man  as  you,  and  every  life 
a  life  like  yours,  this  earth  would  be  God's 
Paradise. — Phillips  Brooks. 


ft 

W  II  E  R  E 

HISTORY 

Indian  Hill  Farm,  Home  of  Major  Benjamin  Perley  Poore.  So  named  from  being  last  spot  in  Massachusetts 
relinquished  by  the  Indians.  The  Indian  deed  is  still  in  possession  of  the  Poore  family.  The  house  contains  one  of 
the  finest  collections  of  antiques  in  the  country. 


Old  Home  of  President  Pierce  at  Hillsborough,  New  Hampshire.  Here  he  was  visited  by  Nathaniel  Haw- 
thorne, one  of  his  most  intimate  fnends.  Now  the  home  of  his  nephew,  Kirk  Pierce,  who  has  retained  much  of  the 
eld  furniture  and  relics. 
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Pickering  House,  Broad  Street,  Salem,  Massachusetts.     Built  in  1651.     Here  was  born  Col.  Timothy  Pick- 
ering, who  held  four  cabinet  offices  under  Washington. 


Headquarters  of  General  Gage,  the  British  Governor,  in  1774,  Danvers,  Massachusetts.  In  the  field  oppo- 
site, camped  two  companies  of  Leslie's  64th  British  Regiment,  who  later  took  part  in  the  expedition  to  Salem  in 
February,  1775,  and  in  that  to  Lexington,  April  19,  1775. 
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Miming  Mmerail  Wool 

By  AUBREY  FULLERTON 


S.i    Down- 
merchant     intro- 
among   hi-   bargain   wares 
an    eight-    or    ten-inch    stove  mat 
whicl  imed  to  be  made  of  paper 

uld     not     Ik-     burned — "a 
kuiil    of    paper    made    "i"  stone," 
"the     most     wonderful     dis- 
t"  tlu'  century."     The    country 


sure,  find  read)  use  in  these  days  of  cost- 
ly   1)1.!. 

The  housekeeper  who  first  made  ac- 
quaintance with  asbestos  as  a  stove-mat 
now  uses  it  as  a  stove  polisher,  as  a  flat- 
iron  holder,  as  a  lamp-wick,  and  as  a 
tire-pad  under  her  gas-burner.  Most 
likely,  too,  her  kitchen  range  is  lined  with 
it.  Our  dwelling-houses  are  lireproofed 
with  ashrstos  wall  plaster,  ashestos  roof- 
ing material,  and  ashestos  paint.  In  of- 
fice buildings  and  factories,  the  steam 
pipes  are  overlaid  with  ashestos  covering, 
and  the  boilers  with  ashestos  cement. 
Machinists  use  ashestos  yarn  or  wick  for 
packing  piston-rods  and  valve-stems,  and 
asbestos  millboard  as  a  joint  packing. 
Klectricians  value  it  as  a  non-conductor. 
The  modern  theater  has  fireproof  stage 
curtains  of  ashestos  cloth,  and  the  best- 
equipped  firemen  wear  asbestos  uniforms. 
Storage  rooms  on  ocean  steamships  are 
lined  with  asbestos,  and  it  is  equally 
mzn>  asbestos  Ready  for  the  Market.      serviceable  in  the  domestic  refrigerator. 

(  hemists  find  asbestos  fiber  the  best  filter 

folk  were  skeptical,  but  they  bought  the 
mats,  took  them  home,  and  put  them  to 
the  test.  A  heated  flat-iron  had  appar- 
ently no  effect  upon  them;  laid  on  top 
of  a  red-hot  stove,  the}-  remained  un- 
scorched;  and  thrust  bodily  into  the  fire, 
their  metal  rims  were  twisted  ;  but  the 
"paper"  itself  came  out  uninjured.  The 
peddler's  mats  were  declared  very  good. 
-  was  newer  then.  To-day  it 
plays,  in  a  great  variety  of  forms,  a  very 
rtant  part  in  the  domestic  and  me- 
chanical arts  of  common  life.  In  one  or 
another  of  its  forms  it  has  become  fa- 
miliar to  most  of  us  :  yet  many  use  it,  or 
enjoy  the  benefits  of  its  use.  without 
knowing  it.  The  list  of  its  commercial 
applications  is  surprisingly  comprehen- 
sive. 

It  is   the   thing  that  fire  won't  burn! 

u   will  to  it — turn  a  3,000- 

degree  temperature  upon  it.  or  throw  it 

into  fiery,  eating  acids — and  it  is  none  the 

\    substance  that  has   resisting 

qualities  such  as  these,  will,  it  may  be 

Photos  by  courtesy  of  the  Canadian  Government  Mines  Department,  and  the  H.  W.  Johns-Manville  Co.,  New  York. 

as 


Block  of  Asbestos  in  Raw  State,  as  Taken  from  Mine. 

medium  ;  and  because  of  its  non-absorb- 
ing qualities,  it  is  valued  in  hospital's. 

This  many-useful  wonder-substance 
that  cannot  be  destroyed,  is  in  most  of 
its  applications  entirely  modern.  The 
Greeks  knew  enough  of  its  properties  to 
make  embalming  sheets  of  it ;  and  it  was 
they  who  named  it  asbestos — "unquench- 


MIMING  MINERAL   ll  OOL 


299 


able,"  "inconsumable."  But  the  French 
Canadians  of  to-day,  who  call  it  pierre 
a  coton — "cotton  stone" — come  quite  as 
near  the  mark,  in  their  graphic  way,  and 
fairly  indicate  what  manner  of  thing  it 
is.  It  is  in  nature  a  fibrous  stone,  a  vege- 
table mineral ;  and  the  secret  of  its  manu- 
facture is  to  separate  its  fibers  from  the 
waste  rock  in  which  thev  are  found,  and 


of  which  Georgia  produces  the  largest 
quantity  and  Vermont  the  highest  grades. 
The  veins  thus  far  discovered  in  the  lat- 
ter State  are  closely  similar  in  character 
to  those  north  of  the  international 
boundary,  where,  in  the  Province  of  Que- 
bec, is  the.  world's  chief  storehouse  of 
asbestos.  Of  the  grades  suitable  for  the 
highest  class  of  manufacture — which,  in 
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to  weave  them  or  wind  them  into  mer- 
chantable form.  "Mineral  cotton"  and 
"mineral  wool"  are  not  inappropriate 
terms  descriptive  of  this  remarkable 
fire-defying  product  of  Nature's  lab- 
oratory. 

Known  to  some  extent  in  ancient 
Greece  and  Egypt,  the  existence  and  uses 
of  asbestos  seem  afterward  to  have  been 
forgotten  until  quite  recent  years.  The 
revival  dates  from  about  the  beginning  of 
the  last  century,  when  mines  were  opened 
in  northern  Italy.  Since  1866  the  Italian 
mines  have  been  the  chief  source  of  sup- 
ply in  Europe,  and  until  twenty-five 
years  ago  they  were  the  only  mines  in  the 
world.  At  the  present  time,  however, 
asbestos  is  being  mined  in  varying  quan- 
tities in  Russia,  Australia,  and  Africa, 
and  most  largely  of  all  in  America.  It 
occurs  in  some  nine  or  ten  of  the  States, 


other  words,  means  the  grades  suitable 
for  spinning  and  weaving — Quebec  has 
practically  a  world  monopoly. 

What  makes  one  variety  of  asbestos  of 
greater  commercial  value  than  another, 
and  one  country's  deposits  better  than 
those  of  some  other  country,  is  the  fiber 
of  the  stone ;  and  upon  this  essential  dif- 
ference is  based  the  division  of  the  nat- 
ural stone  into  two  quite  distinct  classes. 
It  is  amphibole  or  actinolite  when  its 
crystals  occur  in  long,  slender  prisms  or 
in  radiating  masses,  whose  fibers  are 
harsh  and  brittle,  and  whose  composition 
is  about  60  per  cent  silica  and  25  per  cent 
magnesia;  it  is  chrysolite  or  serpentine 
asbestos  when  its  fibers  are  long,  slender, 
flexible,  and  easily  separable  into  fine, 
silky  threads  that  are  highly  elastic  and 
capable  of  being  spun.  Quebec's  sup- 
ply, which  is  the  source  of  the  bulk  of  the 
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used  in  the  United  States,  is  of 

this  kind. 

Chrysolite,  the  asbestos  of  the  finer 
commerce,  is  in  chemical  terms  a  hydrous 
silicate  of  magnesia.  The  Canadian  fiber, 
which  is  made  especially  soft  and  silky  by 
its  large  percentage  of  water — over  thir- 
teen per  cent — is  practically  the  same  as 
the  best  Italian  fiber;  but  Italy's  supply 
of  chrysolite  is  small,  and  so  far  as 
known  this  form  of  asbestos  exists  in 
paying  quantities  only  in  Canada. 

Geologically  it  is  a  fibrous  form  of 
serpentine,  occurring  in  strata  of  crystal- 
line limestone.  The  serpentine — or  :\-rd 
antique  marble,  as  it  is  popularly  called — 
a  greeni>h  color;  and  the  asbestos 
itself,  which  is  found  in  small  vein 
layers,  is  light  yellow  or  light  green,  and 
highly  transparent.  The  veins  run  in  an 
average  thickness  of  from  one-quarter  to 
one-half  inch,  but  sometimes  of  three, 
four,  and  even  six  inches.  Since  the 
fiber  runs  crosswise,  the  thickness  of  the 
vein  means  also  the  length  of  the  fiber; 
and  the  longer  the  fiber,  the  better  and 
more  workable  is  the  asbestos. 

How  this  remarkable  substance  ever 
came  to  exist,  is  a  question  whose  an- 
swer    dates     back     to     Creation     times. 


Briefly  the  theory  is  this:  The  original 
rock,  thrown  up  1>\  igneous  action,  de- 
veloped cracks  and  seams  as  it  cooled  ; 
and  as  these  rocks  changed  under  the  ac- 
tion of  water  and  vapors  to  serpentine, 
the  seams  gradually  filled  with  serpen- 
tine deposits  from  the  rock  walls,  in  a 
fibrous  structure.  The  asbestos  fibers 
are.  as  nearly  as  possible,  crystals  of  ser- 
pentine ;  hence  their  inconsumability. 

The  ore  is  mined  mostly  in  open  quar- 
ries. Overlying  soil,  to  a  thickness  of 
sometimes  twenty  or  thirty  feet,  but  quite 
often  forming  only  a  thin  layer  on  top, 
has  first  to  be  removed ;  and  as  soon  as 
the  asbestos  veins  are  thus  laid  bare,  the 
actual  quarrying  operations  may  begin. 
The  rock  is  cut  in  a  series  of  terraces, 
reaching  a  total  depth  of  sometimes  150 
or  200  feet.  Underground  work  has  not 
proved  successful,  the  open  quarry  hav- 
ing been  found  both  more  economical  and 
more  effective,  despite  the  disadvantages 
of  exposure  to  the  weather.  Drilling 
and  blasting  are  employed  much  the  same 
as  in  ordinary  stone  quarrying. 

When  the  rock  is  thus  broken  up,  it  is 
rough-sorted  at  the  quarry.  Two  or 
more  grades  are  selected,  according  to 
the  length  of  the  fiber,  and  are  then  sent 
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on  to  the  "cobbing  sheds,"  where  the 
further  process  of  dressing  goes  on.  This 
process  is  merely  the  separation  of  the 
asbestos  fibers  from  the  dead  rock,  and  is 
done  in  some  cases  by  hand  but  to  an  in- 
creasing extent  by  machine.  Hand-cob- 
bing is  the  very  simple  method  of  break- 
ing the  stone  by  small  sledge  hammers, 
throwing  the  fiber  into  one  box  and  the 
waste  into  another.  This  separation  is 
ordinarily  not  difficult,  since  the  fiber  lies 
in  layers  more  or  less  loosely  clinging  to 
the  rock,  and  can  frequently  be  picked  off 
with  the  fingers.  The  crude  fiber,  thus 
separated  as  cleanly  as  possible  from  the 
waste  rock,  and  looking  very  much  like 
mineralized  wool,  is  packed  in  100-pound 
bags,  in  which  form  it  goes  to  the  market 
and  the  manufacturer. 

Hand  dressing  is  not,  however,  an  ab- 
solutely thorough  method.  The  waste 
material  from  the  cobbing  tables,  and  the 
fine  pickings  from  the  quarries,  have  still 
some  fiber  in  them  ;  and  the  utilization  of 
this  frequently  represents  the  largest 
profits  of  the  mine.  All  these  finer  pick- 
ings are  mechanically  dressed.  In  case 
the  asbestos  contains  a  large  percentage 
of  water,  the  moisture  is  first  dried  out, 
by  exposure  to  the  air,  by  steam  pipes,  or 


by  rotary  driers ;  and  the  rock  is  then 
passed  on  to  the  crushers,  where  it  is 
broken  by  successively  finer-set  rolls. 
Cylindrical  fiberizers  and  the  cyclone  ma- 
chine reduce  it  still  further.  The  latter 
is  the  most  effective  apparatus  yet  de- 
vised for  asbestos  separation.  It  consists 
of  two  beaters,  of  the  screw-propeller 
type,  driven  within  a  cast-iron  chamber 
at  a  violent  speed,  reducing  the  particles 
of  stone  almost  to  a  powder.  This  is 
then  passed  over  a  shaking  screen  to 
remove  the  sand:  and  in  some  mills, 
strong  electric  magnets  are  used  to  take 
up  the  particles  of  iron. 

The  natural  qualities  of  the  asbestos 
ore  vary  considerably  in  different  locali- 
ties, and  methods  of  treatment  vary  ac- 
cordingly. The  general  principles,  how- 
ever, are  essentially  the  same.  Of  the 
total  rock  mined  in  the  Canadian  areas, 
from  30  to  60  per  cent  is  suitable  for 
milling,  the  percentage  of  waste  having 
been  greatly  reduced  by  the  introduction 
of  mechanical  dressing;  and  of  the  rock 
sent  to  the  mill,  from  6  to  10  per  cent  is 
fiber.  Each  ton  of  asbestos  mined  and 
milled  costs  about  $17.50;  and  the  mar- 
ket prices  run  from  $25  for  the  poorest 
grades,    suitable    for    paper    and    null- 
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r  the  best  commercial 

When    the    dressed    asbestos    finally 
s  tlu-  market,  the  uses  to  which  it 
i^  put  are  almost  unlimited,  and  depend 
entirely  upon  the  length  ;m<i  qualit)   of 
fine  fibers     those  pro 
I  l>y  the  mechanical  fiberizers  from 
the  tailings  and  waste  heaps    are  manu 
pulp  and  powdei 
\-  ;i  fine  powder,  they  arc  made 
to  fireproof  paints,  which  are  widel} 
r.-iil   for  rough   woodwork  and  possess 
quite  remarkable  fire  resisting  qualities. 
As   sold   i"   the  consumer,  these  paints 
arc  ready   for  use  with  the  addition  of 
water.  \  cry  fine  fiber,  of  the  best  quality 
and  thoroughly  cleaned,  is  also  of  greal 
value  as  a  filter  medium,  the  more  so  be- 
cause it  is  proof  against   the  action  of 
acids  and  alkalies.     The  chemist  who  uses 
such  a  filter,  the  most  convenient  form 
of  which   is  a  specially  woven  asbestos 
cloth,  has  but  to  throw  it  in  the  fire  when 
a  residue  has  collected  upon  it:  and  after 
this  residue  lias  burned  off,  the  filter  is 
ready  for  use  again.     Paris  and  London 
filter  their  public-service  water  through 
asbestos. 

Fine-ground  asbestos  has  often  been 
experimented  with  as  a  stock  for  paper. 
As  far  hack  as  1866,  some  ingenious  Ital- 
ians attempted  to  produce  a  paper  which 
they  hoped  would  be  adopted  by  the  Gov- 
ernment for  securities  and  bank  notes, 
but  their  experiments  were  not  success- 


ful.   1  ater  and  more  satisfactory  experi- 
ments were  made  in  Paris  and  elsewhere, 

and    a    fair   grade   of  asbestos    paper    has 

been  produced.   Its  chief  drawback  is  that 
it  will  not  take  a  good  sizing,  remaining 

much  like  blotting  paper;  and  while  it  is 

itself  quite  fireproof,  it  dors  nol  retain 
the  writing  under  a  severe  fire  test.  Fu 
ture  invention  will  probably  overcome 
these  defects,  however.  Mow  important 
would  be  a  paper  that  fire  could  not  de- 
stroy, is  readily  apparent;  safes  and 
vaults  would  Still  be  needed,  hut  more  to 
protect  againsl  burglars  than  against 
tires;  while  asbestos  wall-paper,  covering 
walls  of  asbestos  plaster,  would  by  so 
much  decrease  the  danger  of  fire  in  dwell- 
ing-houses.  And  asbestos  millboard,  re- 
sembling  in  character  and  method  of 
manufacture  the  ordinary  wood  pulp 
cardboard,  is  already  a  commercial  suc- 
cess. The  tihets  mixed  with  water,  is 
thoroughly  beaten  in  large  tanks ;  then 
ingredients  that  will  hind  the  fiber  to- 
gether are  added,  and  the  pulp  in  this 
condition  is  passed  over  a  wire  cylinder, 
through  which  the  water  is  drained  off. 
The  residue  of  pulp  thus  gathering  on 
the  wire,  forms  the  board,  which  is  then 
pressed,  cut,  and  dried  like  ordinary 
] taper  hoard.  This  asbestos  millboard  is 
used  for  box  material,  such  as  for  fire- 
proof deed  boxes,  etc.,  and  more  particu- 
larly as  a  joint  packing  for  steam  pipes. 
Another  of  the  paper  forms  in  which 
the  poorer  grades  of  asbestos  fiber  are 
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very  widely  used,  is  that  of  roofing  ma- 
terial. Some  varieties  of  this  are  made 
with  a  canvas  center  and  asbestos  felt  or 
paper  on  either  side,  giving  a  fabric  that 
is  not  only  fireproof  but  of  great  dura- 
bility. A  later  invention  comes  from 
Austria,  where  the  very  fine  fiber  is 
ground  with  a  mixture  of  serpentine, 
then  with  asphalt  and  other  ingredients. 
This  process  is  now  being  introduced  in 
the  United  States.  Asbestos  wall  plaster 
is  a  similar  production,  also  composed  of 
fine  fiber  mixed  with  serpentine.  It  is 
applicable  wherever  plastering  of  any 
kind  is  required  ;  and  as  it  supplies  its 
own  fibers  and  rock  dust,  neither  hair 
nor  sand  is  necessary.  It  is  being  used  in 
a  large  number  of  the  new  fireproof 
buildings.  Indeed,  an  asbestos  building, 
from  cellar  to  roof,  may  soon  be  possible, 
for  recent  experiments  in  fireproof  bricks, 
composed  of  asbestos,  lime,  and_  sand, 
have  been  very  successful,  the  bricks  so 
resisting  a  2,000-degree  temperature  as 
to  be  no  more  than  slightly  warmed. 
Floor  tilings  are  a  recent  novelty  now  be- 
ing made  in  Georgia. 

But  perhaps  the  form  in  which  asbes- 
tos is  best  known  to  the  American  build- 
ing and  engineering  trades  is  in  the  sev- 


eral varieties  of  insulating  material.  As 
a  covering  for  steam  pipes  and  boilers,  it 
is  in  use  in  nearly  every  modern  office 
building  in  the  country.  In  this  capacity 
it  serves  the  threefold  purpose  of  saving 
fuel,  increasing  power,  and  reducing  tem- 
perature. Ordinary  uncovered  two-inch 
pipes,  with  steam  at  75  pounds,  will  lose 
one  horse-power  for  every  132  feet  of 
their  length  ;  and  four-inch  pipe,  a  like 
loss  for  every  75  feet.  Ten  square  feet 
of  bare  pipe  will  waste  in  one  year  two 
tons  of  coal.  Asbestos  pipe-coverings 
prevent  this  loss;  and  that  is  why  the 
specifications  of  the  best  modern  build- 
ings call  for  every  inch  of  their  pipes  to 
be  covered.  A  fifteen-story  building  now 
going  up  in  Toronto  will  have  eight  miles 
of  asbestos  pipe-covering;  the  United 
States  battleship  Oregon  has  seven  and 
a-half  miles  on  its  boilers  and  steam 
pipes  ;  and  other  buildings  and  ships  of 
all  kinds  and  types  have  corresponding 
quantities.  In  electrical  installations, 
asbestos  preparations  are  found  similarly 
useful  for  insulating  wires  and  for  pre- 
venting   overheating    in    electrical    nia- 

chinerv. 

This  insulation  of  steam  pipes  is  ef- 
fected by  applying  a  paste  of  asbestos 
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Paper  Machine  Making  Asbestos  Paper 

through  it.  is  a  fair  specimen  of  the 
better  qualities   after   being   milled,   but 

still  unmanufactured.  The  highest  ex- 
cellence of  the  fiber  consists  in  its  fitness 
spinning.  For  this,  only  the  longest 
fillers  are  suitable,  and  they  are  best  when 

st  and  mosl  elastic.  If  asbestos 
fibers  were  rough  like  those  of  cotton  or 
their  spinning  would  be  a  quite 
simple  matter:  but  since  each  one  is  as 
smooth  as  crystal,  and  therefore  slippery, 
the  attempt  to  twist  them  together  or  to 
spin  them  into  cords  was  for  some  time 
unsuccessful.  The  difficulty  has  now, 
however,  been  overcome :  and  fine,  slen- 
der threads  and  strong,  stout  ropes, 
drawn  out  of  the  mass  of  fiber,  are  equal- 
ly possible.      Asbestos   yarn   or   wick   is 

as  a  packing,  and  is  said  to  be  more 
satisfactory    in    point    of    economy    and 


durability  than  an)  other  packing  on  the 
market;  twine  is  valued  by  surgeons  and 
chemists  for  laboratory  use  or  where 
acids  are  exposed ;  and  rope,  equal  to  a 
pull  of  500  p. muds  on  a  one  inch  strand, 
is  made  for  firemen's  use.  The  process 
is  carried  still  further  in  the  weaving  of 
asbestos  cloth.  The  liber  is  first  carded 
and   condensed,   much   like  cotton;  and 

after  the  threads  have  been  twisted,  they 

are  braided  or  woven  into  various  grades 
of  tape  and  cloth  on  great  looms  that 
look  not  unlike  those  in  ordinary  weav- 
but  have  essential  differences. 
An  important  use  of 
asbestos  cli  >th  is  in  the 
manufacture  of  theater 

curtains.  The  value 
of  such  curtain  has 
b  e  e  n  r  e  ]>  e  a  t e dl  y 
proven  :  and  after  the 
[roquois  Theater  dis- 
aster in  Chicago,  the 
demand  for  them  and 
for  similar  fireproof 
material  was  for  a  time 
especially  active.  As- 
bestos cloth  is  also 
made  up  into  firemen's 
uniforms,  consisting  of 
boots,  pants,  apron, 
gloves,  mask,  a  n  d 
head-gear.  ( )ne  or  two 
men  in  each  company, 
thus  clad,  can  effect- 
ively do  work  that 
would  otherwise  be 
impossible.  Tron  workers  and  glass 
moulders  wear  aprons  of  asbestos  cloth 
as  a  protection  from  the  severe  heat  in 
which  they  work. 

In  America  the  increasing  use  of  as- 
bestos packing  and  pipe-coverings,  par- 
ticularly for  office  buildings  and  fac- 
tories, furnishes  a  demand  for  the  shorter 
fiber;  in  Europe,  where  building  condi- 
tions are  somewhat  different,  there  is  a 
much  smaller  market  for  these  prepara- 
tions, and  a  correspondingly  greater 
demand  for  the  spun  and  woven  wares. 
In  the  manufacture  of  the  latter,  partic- 
ularly in  the  English  and  French  mills. 
the  fiber  from  the  mines  of  Italy  and 
Russia  is  mixed  with  Canadian  fiber,  the 
combined  product  having  for  some  pur- 
poses a  superiority  over  either  alone. 
.Much  the  largest  part  of  the  Canadian 
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output,  however,  is  used  in  the  United 
States  and  Canada.  The  mines  in  the 
Quebec  districts  are  operated  by  some  ten 
companies,  in  which  United  States  capital 
is  largely  interested.  The  ore  is  milled  in 
Canada  and  shipped  in  fiberized  form  to 
the  manufactories  in  New  York,  Penn- 
sylvania, and  elsewhere,  where  it  is  made 
up  into  the  finished  commercial  wares. 
One  of  the  earliest  companies  to  operate 
in  the  Canadian  areas,  and  the  first  to  in- 
troduce mechanical  dressing,  was  a  com- 
pany of  Scotch  capitalists ;  and  a  consid- 
erable portion  of  the  output  still  goes  to 
Scotland  and  England.  German  capital 
is  also  interested.  The  annual  produc- 
tion of  the  Ouebec  mines  alone  is  about 
50,000  tons.~ 

While  Ouebec  has  practically  a  world 
monopoly  of  the  best  grades  of  asbestos, 
and  in  presumably  inexhaustible  supply, 
the  neighboring  Province  of  Ontario  has 
considerable  deposits  of  the  kindred  min- 
eral, actinolite,  or  hornblende  asbestos. 
Actinolite  is  very  similar  to  the  chrys- 
olite asbestos  in  its  chemical  character- 
istics, and  is  equally  effective  in  heat- 
resisting,  but  it  is  not  so  good  a  non-con- 
ductor and  lacks  in  strength  of  fiber.     It 


Moulding  Covering  for  Steam  Pipe. 

is  used  to  some  extent  in  roofing  material 
and  plaster.  The  essential  difference  be- 
tween the  two  varieties  is  that,  while 
chrysolite  is  a  hydrous  silicate  of  magne- 
sia, the  hornblende  asbestos  is  an  anhy- 
drous silicate  of  lime  and  magnesia, 
and  therefore  without  the  softness  and 
oily  feel  which  characterize  the  better 
Grade. 
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Largest  Crane  in  tlfoe 


\71kY   recently   the   Southern   Pacific 

*     Railroad  Company  completed  an  ex- 

i  to  its  great  locomotive  shops  at 

nto,  (  al.     These  shops  arc  now 

the  largest  west  of  the  Rocky  Mountains. 
This  extension  consists  of  a  building  515 
feel  in  length  by  80  feet  in  width,  and 
joins  the  old  machine  building;  the  com- 
bined  floor  space  of  the  old  and  new 
ships  now  includes  (d2.700  square  feet. 

The  new  erecting-  shop  has  just  heen 
equipped  with  an  electric  traveling'  crane, 
having  a  capacity  of  lifting  120  tons — 
the  largest  crane  of  its  kind  west  of  the 
Missouri  river. 

This  giant  crane  was  huilt  in  Mus- 
kegon, Michigan.  It  has  a  span  of  76 
feet  7  inches,  and  the  main  hoist-hlock 
has  a  vertical  movement  of  30  feet.  The 
maximum  speed  of  the  crane  on  the  run- 
is,  with  load.  2< JO  feet  per  minute  : 


and  speed  of  hoist  with  full  load  is  10 
feet  a  minute.  This  crane  is  also  fitted 
with  auxiliary  hoists  for  lighter  lifts. 
The  accompanying  illustration  shows  the 
crane  holding  suspended  one  of  the 
Company's  heaviest  consolidated  locomo- 
tives complete  with  boiler  filled  with 
water,  the  whole  weighing  ahout  125 
tons. 


Amxcieimtt    lEimgflinieeriir^^ 

HTTIE  approaching  opening  of  the 
A  Simplon  tunnel  to  traffic  calls  re- 
newed attention  to  what  has  heen  her- 
alded as  undoubtedly  a  great  feat  of 
modern  engineering.  Many  of  our  read- 
ers may  not  he  aware  of  the  fact  that 
2,500  years  ago  a  tunnel  rivaling  the 
famous  Simplon  was  huilt  to  convey 
spring  water  to  a  reservoir  outside  the 
gates  of  Jerusalem. 

In    the    construction   of   this   master- 
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piece  of  ancient  engineering,  which  is 
360  yards  along,  work  was  carried  on 
from  both  ends,  as  in  the  modern  in- 
stance. This  is  shown  by  an  inscription 
in  the  tunnel,  and  by  the  marks  made  by 
the  boring  tools  used,  revealing  the  di- 
rection in  which  the  work  progressed. 
How  levels  and  directions  were  de- 
termined and  errors  detected  by  these 
old  engineers,  is  not  known. 


A  N  automatic  system  of  irrigation  first 
**■  devised  in  the  Pomona  Valley,  east 
of  Los  Angeles, California, about  ten  years 
ago,  has  recently  come  into  general  use 
throughout  the  southern  portion  of  that 
State.  It  is  designed  to  serve  groves 
and  gardens  that  are  to  be  irrigated  by 
the  furrow  or  basin  system.  The  water 
is  first  taken  from  a  reservoir,  standpipe, 
or  water  company's  main,  into  a  concrete 
measuring  box,  the  height  of  which  va- 
ries according  to  the  pressure  needed  to 
force  the  water  over  the  highest  points 
to  be  supplied.  The  rate  of  flow  through 
the  box  into  the  pipe  line  is  measured 
by  a  weir  connected  with  an  aperture  at 
the  top  of  a  partition  placed  near  the 
end  of  the  measuring  box. 

The  trunk  line  leading  from  the  box 
is  built  of  concrete  joints  cemented  to- 
gether in  the  bottom  of  the  ditch  dug 
across  the  highest  points  of  the  section 
of  land  to  be  irrigated.  To  this  trunk 
line  the  hydrants,  which  directly  supply 
the  furrows,  are  connected,  one  hydrant 
being  placed  at  the  end  of  each  row  of 
trees.  These  hydrants  are  also  con- 
structed of  concrete  pipe,  having  several 
holes  drilled  in  them,  in  which  are  in- 
serted galvanized  iron  spouts.  By  means 
of  circular  iron  valves  in  the  hydrants, 
just  below  the  spouts,  the  supply  of  water 
is  regulated,  these  being  tightly  closed 
when  water  is  carried  through  depres- 
sions. Even  on  up  grades,  the  fertilizing 
fluid  can  always  be  delivered  without 
pressure,  by  adjusting  these  valves.  Base 
hydrants  are  placed  at  various  points 
on  the  same  level,  in  which  are  iron  slide 
gates,  by  opening  or  closing  which  the 
flow  of  water  from  the  iron  spouts  di- 


rectly into  the  furrows  can  be  regulated. 
The  water  is  under  easy  control,  and  is 
handled  at  a  great  saving  of  time  and  la- 


Automatic  System  of  Irrigation. 
Concrete  hydrants  at  ends  of  tree  rows. 

bor.  The  system,  being  constructed  en- 
tirely of  concrete  and  iron,  has  the  great 
advantage  of  Ions:  durability. 
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"""THE  telephone,  apparently,  is  as  yet 
*■  only  in  its  infancy,  so  far  as  the  de- 
velopment of  its  usefulness  to  mankind 
is  concerned.  Even  the  most  remote 
parts  of  the  earth  and  the  most  inaccessi- 
ble localities  are  being  brought  into  touch 
with  the  rest  of  the  world  by  the  help 
of  this  wonderful  instrument.  A  trav- 
eler who  visited  the  monastery  of  St. 
Bernard  recently  was  almost  shocked  to 
discover  that  the  establishment  is  equip- 
ped with  telephones,  which  place  it  in 
communication  with  civilization  even  in 
the  depth  of  winter. 

The  islands  of  the  Hawaiian  group, 
which  are  separated  from  each  other  by 
long  distances  over  water,  are  now  con- 
nected together  by  long-distance  tele- 
phones. It  seems  likely  that  before  very 
long — thanks  to  the  invention  of  Profes- 
sor Pupin,  which  appears  to  remove  the 
limit  on  telephoning — the  archipelagoes 
of  Polynesia  will  be  similarly  joined,  and 
it  will  be  practicable  to  talk  from  Fiji  to 
Samoa,  or  from  Tonga  to  the  Gilberts. 
No  portion  of  the  habitable  globe,  it  may 
be  supposed,  will  be  isolated  in  any  true 
sense,  or  cut  off  from  the  interchange  of 
intelligence. 
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trical  laborator)  apparatus;  and  charts 
showing  the  relative  number  of  students 
and  graduates  at  Purdue  and  other  State 
universities. 


Gauging  Streams 

/"■\\l\  of  the  difficull  problems  iii  (  ivil 
^-^  Engineering  is  to  gauge  the  flov  oi 
streams  accurately.  The  difficult)  arises 
from  the  fact  that  the  water  travels  Easter 


APPARATUS  FOR  TESTING  STREET-CARS. 


ing  instrument  Each  of  these  instru- 
ments is  attached  to  a  clockwork  mechan- 
ism which   causes  it  to  register  on  the 

g  paper  under  it  every  five  seconds. 
Each  instrument  registers  a  special  value 
— such  as  the  amperes  and  volts  used  on 
each  car  motor,  or  the  speed  of  the  car, 
or  its  location  on  the  line,  etc. — so  that 

-.cry  trip  of  the  car  over  the  road 
this  device  furnishes  a  graphical  record 
of  all  the  conditions  of  operation  at  five- 

1  intervals.  Such  a  record  is  far 
more  accurate  and  complete  than  could 
he  made  by  any  number  of  observers. 

Among  other  interesting  objects  in  the 
Purdue  exhibit,  were  a  50.000-volt  trans- 
former built  by  students  ;  samples  of  elec- 


at  the  surface  than  at  the  bottom  or  near 
the  hanks,  making  it  hard  to  determine 
the  average  rate  of  How.  An  interesting 
method  of  gauging  streams  by  chemical 
means  has  been  devised  by  Air.  Charles 
E.  Stromeyer,  who  described  his  inven- 
tion in  a  paper  recently  presented  before 
the  Institute  of  Civil  Engineers.  It  con- 
sists briefly  in  adding  a  certain  quantity 
of  brine  to  the  stream,  and  in  taking 
out  samples,  at  a  point  further  down, 
which  samples  are  subjected  to  very  ac- 
curate analysis.  The  increase  of  salinity 
gives  a  factor  whereby  it  is  claimed  the 
stream  discharge  can  be  calculated  with 
an  accuracy  leaving  a  margin  of  possible 
error  of  less  than  one  per  cent. 
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/^\NE  of  the  largest  railroad  shops  on 
^-^  the  Pacific  Coast  is  located  at  Sacra- 
mento, Cal.,  belonging  to  the  Southern 
Pacific  Railroad  Company.  Here  all 
kinds  of  repairing,  rebuilding,  and  over- 
hauling of  engines  and  cars  are  done. 
These  shops  cover  a  large  area,  and  are 
supplied  with  all  needful  heavy  appli- 
ances, derricks,  massive  machinery  capa- 
ble of  handling  giant^  locomotives  just  as 
if  they  were  mere  toys,  etc.  There  is  a 
small  army  of  workmen  constantly  en- 
gaged ;  and  from  20  to  100  engines  are 
in  at  all  times,  in  many  cases  being  prac- 
tically rebuilt.  A  busier  place  would  be 
difficult  to  find  anywhere.  The  photo- 
graph shows  one  of  the  very  latest  types 
of  locomotive  just  introduced  on  the 
Southern  Pacific's  limited  coast  lines. 
This  giant  speeder  is  "watered"  and 
"wooded,"  and  is  all  ready  to  start  on  her 
long  run  down  to  Los  Angeles.  The 
crowd  on  top  of  and  around  this  "big 
baby,"  are  all  machinists  and  engine  re- 
pairers, who  have  just  stepped  out  from 
the  shops,  clad  in  their  "working  togs," 
as  may  be  seen.  They  are  an  oily,  grimy 
crowd',  but  all  good-natured.  Mr.  W.  H. 
Russell,  the  Master  Mechanic,  stands  in 
front,  in  light  coat  and  derby  hat.  The 
picture  is  an  interesting  one  to  all  rail- 
roaders and  iron-workers.  The  large 
number  of  men  perched  upon  the  engine 
emphasizes  its  great  size. 


A  Crowd  of  Jolly  Locomotive  Workers. 
From  shops  of  Southern  Pacific  Railway,  Sacramento,  Cal 


View  of  Steel  Car  which,  When  Loaded  with  Coal, 
Fell  from  Trestle  without  Injury  to  Car. 


R©smis^Flta,]b]le  Fsill  ©f  a. 
S(t©e31  Cf^f5 

BEFORE  the  gaze  of  a  score  of  startled 
spectators  the  other  day,  a  huge  steel 
coal  car,  within  sight  of  the  Capitol  at 
Washington,  backed  off  a  twenty-foot 
trestle  and  described  a  half-somersault, 
depositing  a  load  of  many  tons  of  bitumi- 
nous coal  on  the  sidewalk.  The  involun- 
tary plunge  is  said  to  have  been  due  to 
slippery  rails  and  miscalculation  of  dis- 
tance. Strange  to  say,  although  the  mass 
of  iron  and  coal  weighed 
fully  150,000  pounds,  no 
injury  was  done  to  the 
car,  nor  any  delay  caused 
to  traffic,  except  the 
comparatively  small  in- 
C(  mvenience  incident  to 
removing  the  coal  from 
the  sidewalk  to  the  bins, 
a  short  distance  away, 
for  which  it  was  des- 
tined. 

Within  an  hour  after 
the  accident  a  wrecking 
crew  was  on  the  spot, 
and  had  effaced  practi- 
cally all  indications  of 
the  recent  plunge  of  the 
big  car  into  space.  The 
ordinary  methods  of 
hoisting  were  employed, 
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and  two  steel  cables  were  attached, 
the  huge  burden  being  gradually 
pulled  back  to  the  rails.  The  car  was 
immediately  coupled  to  its  train,  and 
disappeared  behind  a  wreath  of  smoke 
on  its  return  trip  to  the  mines  at  Cum- 
berland. Maryland. 


Moved  a.  Mo*aiaftaiii» 

"/""•HINA  Basin,"  along  the  old  north- 
^  east  shore  line  of  San  Francisco 
Bay,  over  the  whole  extent  of  which  the 
water  formerly  stood  from  10  to  60  feel 
in  depth,  is  now  a  part  of  the  freight 
yard  of  the  Santa  Fe  railroad  system. 

Work  on  this  immense  fill  was  begun 
in  May,  1901  ;  and  most  of  the  time  since, 
six  great  steam  shovels  and  seven  trains 
of  cars  have  been  engaged  in  cutting  and 
hauling  stone  and  earth  from  a  small 
mountain  about  half  a  mile  away. 

It  cost  the  railroad  company  more  than 
$2,000,000  to  make  the  fill,  and  the  land 
from  which  the  material  was  taken  to 
fill  up  the  basin  cost  an  additional  million 
and  a-half.  The  filled  land  is  held  under 
a  fifty-year  lease  from  the  State. 

e   idea   of   the    immensity   of   the 

work  may  be  obtained  by  noting  that  in 

the  center  of  the  great  cut  the  surface  of 

-.namd    was    originally    more    than 

two  hundred  feet  above  its  present  level. 


[at  ion  of  the  resource- 
fulness of  thai  great 
city.  The  area  cov- 
ered     by     the     burned 

buildings  was  2,300,- 
000  square  feet.  Of 
this  space,  335,000 
square  feet  has  been 
taken  for  street  widen- 
ings.  <  )f  the  available 
space  left  for  building 
operations,  about  1,- 
500,000  square  feet,  or 
about  72  per  cent,  has 
now  been  rebuilt.  The 
total  floor  space  in  the  burned  district  was 
a  little  over  8,500,000  square  feet,  exclu- 
sive of  the  part  appropriated  for  public 
purposes;  and  of  this,  6,613,000  square 
feet,  or  79  per  cent,  has  now  been  recon- 
structed. The  value  of  the  new  buildings 
is  estimated  at  about  $20,000,000,  and 
over  half  of  them  are  now  readv  for  use. 


CTILL  another  application  of  com- 
^  pressed  air  has  been  made  in  a  device 
constructed  by  the  Bureau  of  Ordnance 
at  the  Washington  Navy  Yard,  for 
sponging  out  the  bores  of  guns.    A  draft 
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"THE  recovery  of  Baltimore  from  the 

effect  of  the  disastrous  fire  of  two 

years  ago,  has  been  an  astonishing  reve- 


of  air  of  200  pounds'  pressure  is  thrown 
through  the  bore  of  the  rifle,  the  draft  be- 
ing strong  enough  to  blow  a  block  of 
wood  clear  out  of  the  bore  for  a  distance 
of  twelve  feet  or  over.  Tests  of  the  new 
device  have  been  attended  with  satisfac- 
tory results. 


'Which  Branch  of  Engineering  Shall  I 

Take  Up?" 


No.  VI. 


Chemical  Engineering-An  Interview  with  Edward  Gudeman,  Con- 
sulting Chemical  Engineer 


By  JOHN  L.  RAY 


Wit  Inn  recent  years  etigineers  have  specialised  along  many  different 
lines.  The  result  has  been  the  development  of  as  many  practically  distinct 
branches  of  the  profession.  Doubtless  there  are  young  men  who,  having 
decided  that  engineering  shall  be  their  life  work,  are  hesitating  as' to  which. 
branch  they  shall  take  up— Civil,  Mining,  Mechanical,  Hydraulic,  Che. nit  al, 
Electrical,  or  any  one  of  a  dozen  other  divisions. 

The  series  of  articles  under  the  above  head— of  which  this  is  the  sixth 
— is  intended  to  help  them  come  to  a  wise  and  discriminating  decision.  T/ic 
articles  will  be  based  on  interviews  with  eminent  engineers,  each  of  whom 
will  set  forth  the  advantages  and  drawbacks  of  his  own  particular  specialty. 
In  the  present  instance,  Mr.  Edward  Gudeman,  a  well-known  Consulting 
Chemical  Engineer  of  Chicago,  discusses  the  ever-widening  opportunities 
in  the  comparatively  new  field  of  Chemical  Engineering. 


Edward  Gudeman. 


THE  place  of  the  "Chemical  En- 
gineer" is  one  in  dispute.  To  just 
what  extent  it  is  of  value  for  a 
man  to  combine  the  abilities  of 
a  chemist  and  of  an  engineer,  is  an  open 
question.  It  is  the  assertion  of  men  who 
profess  this  branch  of  engineering,  that 
"a  new  and  constantly  widening  field  is 
opening  to  engineers  who  have  the  train- 
ing of  a  chemist,  and  to  chemists  who 
have  the  training  of  an  engineer. 

It  is  their  assertion  that  certain  phases 
of  engineering  work  require  the  expert 
chemist ;  that  modern  industry  constantly 
affords  example  of  the  need  for  chemical 
engineering;  and  that  as  chemistry  be- 
comes more  and  more  closely  identified 
with  manufacturing  and  commercial  pro- 
duction, the  chemical  engineer  will  find 
himself  more  and  more  in  demand  and 
his  field  of  work  growing  larger. 

It  is  their  assertion  that  the  chemical 
engineer  solves  combined  problems  of 
chemistry  and  engineering  more  satis- 
factorily than  the  engineer  and  the  chem- 
ist working  jointly  on  the  same  problem. 
In  this  they  disregard  the  tendency 
towards  specialization;  and,  as  a  founda- 
tion for  argument,  they  point  to  the  fact 
that  technical  schools  in  the  East  are 
adding  to  their  curriculum  courses  of 
instruction  intended  to  equip  the  chemical 
engineer. 

The  production  of  modern  foodstuffs, 
the  production  of  dyed  goods,  the  iron 


industry,  railroading,  irrigation,  and  the 
development  of  electrical  power,  are 
some  of  the  forms  of  industry  in  which, 
they_  assert,  the  chemical  engineer  im- 
mediately finds  his  place. 

Edward  Gudeman,  a  consulting  chemi- 
cal engineer  of  Chicago,  explains  what 
he  considers  the  field  of  opportunity  for 
the  engineer  with  chemical  training  in 
these  industries. 

"In  many  undertakings,"  he  said, 
"there  are  presented  two  questions — one, 
how  to  produce  a  chemical  action  to 
cause  certain  results;  the  other,  to  pro- 
duce the  machinery  to  enable  this  chem- 
ical action  to  take  place  most  econom- 
ically. 

"The  chemist  can  give  the  promoter 
the  formula  for  bringing  about  the 
chemical  action  he  needs  in  order  to  pro- 
duce his  article.  The  engineer  can  give 
him  the  plans  required  for  the  machinery. 
The  engineer  cannot  tell  what  formula 
is  needed.  The  chemist  cannot  give  him 
the  plans  for  the  machinery. 

"The  engineer  with  chemical  knowl- 
edge not  only  knows  how  to  deal  with 
the  elements  necessary,  but  he  also  knows 
how  to  design  the  machinery  needed  to 
utilize  the  elements  and  direct  the  forces. 
It  might  be  said,  and  is  said,  that  the 
chemist  can  be  secured  to  do  his  part  in 
solving  the  joint  problem,  and  that  tbe 
engineer  can  be  found  to  do  his.  Tbis  is 
true ;  but  we  assert  that  the  most  satis- 
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11   be  produced   l>\    the 
man  who  tan  take  the  problem  in  its  en 
I  handle  all  of  it. 
"We  shall  take  ;i  case  in  railroad  en 
which  I  believe  illustrat 
useful    pi  chemical    engineering. 

An  ..  •!.     It  is  taken 

nee   t"  tlit.-   shops   for  examination. 
Hie  certain  it'  an) 

w  ith  the  composition. 
It  he  determines  that   this  was  without 
the  axl<  to  the  engineer  to 

rtain    what    was   wrong    in    its  con- 
struction. 

"The  most  successful  examination 
would  be  made  by  the  man  who  himself 
could  place  the  responsibility  on  either 
the  composition  or  the  construction.  A 
chemical  engineer  could  make  both  ex- 
aminations. His  report  would  be  of 
value  than  the  joint  reports  of  the 
chemist  and  of  the  engin< 

"Even  in  irrigation  work  the  place  is 
ready  for  the  chemical  engineer.  It  is 
he  who  is  best  fitted  to  ascertain  from  an 
examination  of  the  soil  what  it  needs  in 
order  to  effect  the  chemical  change  neces- 
sary to  produce  good  crops,  and  after- 
wards to  superintend  the  construction  of 
canals  to  produce  the  change  if  it  he 
found  that  water  will  cause  it. 

"The  use  of  electricity  in  manufactur- 
ing, calls  for  the  chemical  electrical  en- 
gineer— the  man  who  can  direct  the  w<  irk 
of  the  electrical  current,  determine  the 
quantity  needed  to  produce  results,  and 
devise  the  machinery  to  utilize  it. 

"The  iron  industry  presents  a  number 
of  illustrations  showing  the  field  for  the 
chemical  engineer.  For  instance,  take 
the  separation  of  iron  from  slag.  For- 
merly this  was  accomplished  by  mechan- 
ical means,  the  iron  being  separated  from 
the  slag  after  cooling.  Then  it  was 
tied  that  the  same  result  could  be 
plished  more  easily  by  tapping, 
and  the  problem  was  to  get  a  freely  flow- 
lag.  This  was  the  problem  of  the 
chemist.  The  chemical  engineer  could 
produce  the  desired  quality  of  slag,  and 
could  devise  the  means  necessary  to  carry 
it  away  from  the  iron  while  molten,  the 
iron  being  at  the  bottom  and  the  slag  on 
top. 

"The  chemical  engineer  has  had  suc- 
cess in  the  manufacture  of  articles  which 
must  be  cooled  without  contact  with  air 


•  u  water.     It  has  been  found  that  in  the 

production  *<i  some  articles,  deterioration 

follows  contacl  with  air  or  with  water  in 
the  cooling  process.  It  was  the  prob- 
lem to  secure  a  method  b)  which  both 
could  be  avoided.  The  chemical  engi- 
devised  a  system  of  retorts  into 
which  the  article  is  discharged  hot,  and 
from    which    it    emerges    cooled     to     the 

proper  degree. 

"In  the  manufacture  of  foodstuffs, 
there  is  an  unlimited  field  for  the  chem 
ical  engineer.  Mere  he  can  make  him- 
self invaluable.  Two  things  art-  to  be 
obtained  in  the  manufacture  of  every 
food  article  placed  on  the  market.  In 
the  first  place,  the  chemical  action  needed 
to  produce  the  food  must  he  ascertained. 
Then  it  must  take  a  certain  form  in  its 
finished  state,  and  machinery  must  he 
devised  to  utilize  the  chemical  forces 
and  to  give  the  finished  article  the  de- 
sired form  or  shape.  Here  is  where  the 
chemical  engineer  can  solve  both  prob- 
lems, which  otherwise  must  he  handled 
separately  and  less  satisfactorily  by  the 
individual  chemist  and  the  individual  en- 
gineer. 

'  I'rocesses  such  as  the  bleaching  of 
Hour  are  the  products  of  the  man  with' 
ability  to  produce  mechanical  plans  and 
chemical  formulas.  Broadening  the  field, 
we  may  say  that  the  chemical  engineer  is 
fitted  to  produce  plans  not  only  for  the 
chemical  action  necessary  in  manufacture 
and  for  the  machinery  needed,  but  for  the 
plant  which  is  required  for  the  operation 
of  hoth. 

"The  man  who  knows  the  necessities 
of  the  chemical  action  is  the  best  fitted, 
if  he  have  the  ability,  to  draw  the  plans 
for  the  operation  of  the  entire  plant. 

"It  might  he  said  that  a  good  working 
knowledge  of  chemistry  would  he  suffi- 
cient for  the  engineer  whose  work  in- 
cludes the  handling  of  problems  in  which 
chemistry  plays  an  important  part.  I 
should  insist  that  a  thorough  knowledge 
of  chemistry  be  a  part  of  the  average 
engineer's  training.  It  is  more  important 
that  an  engineer  should  have  a  knowl- 
edge of  chemistry,  than  it  is  that  a  chem- 
ist should  have  a  knowledge  of  engi- 
neering. 

"That  the  schools  of  this  country  are 
beginning  to  recognize  the  place  of  the 
chemical  engineer,  is  shown  by  the  fact 
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that  three  of  the  Eastern  universities 
have  given  place  in  their  curriculum  to 
instruction  designed  to  equip  the  student 
for  this  branch  of  the  engineering  pro- 
fession. 

"This  willingness  to  accept  the  chem- 
ical engineer  will  increase  as  chemistry 
becomes  more  associated  with  manufact- 
ure. Some  of  the  great  manufacturing 
corporations,  si\ch  as  the  United  States 
Steel  Corporation,  seem  to  appreciate  to 
the  full  the  value  of  completely  equipped 
and  adequately  operated  chemical  labora- 
tories ;  but  nowhere  in  this  country  does 
commerce  use  chemistry  as  it  does  in 
Germany,  and  therein  may  be  found  one 
reason  for  German  supremacy  in  some 
commercial   and   manufacturing  lines.^ 

"The  American  manufacturer  is  will- 
ing to  accept  any  mechanical  device.  He 
is  foremost  in  adopting  new  machinery. 
He  will  throw  an  entire  plant  to  the 
rubbish  pile  to  put  in  new  machines 
which  work  more  economically  and  more 


satisfactorily  ;  but  he  is  behind  his  Ger- 
man competitor  in  willingness  and  read- 
iness to  utilize  chemical  discoveries. 

"Take,  for  instance,  the  German  firms 
interested  in  the  manufacture  of  aniline 
dvestuffs.  Some  of  these  firms  have  in- 
structors in  the  German  universities  re- 
tained on  salary,  that  they  may  obtain 
the  benefit  of  laboratory  work  done  by 
these  men.  No  return  at  all  is  received 
from  a  majority  of  the  high-class  men 
thus  employed  ;  but  if  only  one  instructor 
a  year  makes  a  discovery  useful  for 
manufacturing  purposes,  the  benefit  to 
the  manufacturer  makes  the  total  outlay 
profitable. 

"When  chemistry  has  attained  in 
America  as  intimate  a  relation  as  this  to 
commerce  and  manufacture,  the  place  of 
the  chemical  engineer  will  be  recognized 
to  a  greater  extent.  It  is  a  profitable 
field  for  the  young  man  who  is  consider- 
ing an  engineering  profession,  and  it  will 
continue  to  grow  more  profitable." 


How  to  be  Happy 

^7^^3  HE  best  way  to  have  permanent  peace  with  the  world  is 
/fi^%  not  to  expect  much  of  it ;  not  to  be  afraid  of  it ;  so  far 
Y^-y  as  one  can  without  self-deception,  to  see  the  good  in  it ;  and 
<-)>  to  regard  the  evil  as  something  powerless  and  temporary 
which  will  soon  defeat  itself.  One  must  not  take  this  life  too 
seriously.  As  soon  as  we  live  above  it,  much  of  it  becomes  unim- 
portant ;  and  if  the  essentials  are  secure,  we  must  not  care  too 
much  for  the  subordinate.  Many  of  the  best  people  suffer  from 
this  magnifying  of  trifles,  and  especially  from  their  dependence  on 
other  people's  opinions;  and  this  lack  of  proportion  makes  for 
such  people  each  day's  work   much  more   difficult   than   it  would 

otherwise  be, 

—Carl  Hilly. 


^     -%^ 


Breaking  it  Gently 


Foreman   <;it  the  door):    "Did  yer  husband 
new   -uit    av   clo'es   on   this   mor-rnin,' 


Mrs.  O'Malley 

Mrs.   (  >'Mai.i  kv. — "lie  did." 

Foreman. — "They're  rooined 
entoirely." 

Mrs.  O'Malley. — "How  did 
ut  happen?" 

Foreman. — "He  was  blown 
up  be  a  charge  av  dinnymite." 
— (  leveland  Leader. 

**» 
All's  Fair  to  the  Conductor 

Said  a  street-car  conductor,  "1 

swear 
That   my   conduct   is   perfectly 

square; 

Though  you  see  me  at  tinics, 
Steal  some  nickels  and  dimes. 
You  must  own  that  is  no  more 
than  fare." 

— Four  Track  News. 

Keeping  a  Secret 

Two  sailors  were  once  seen  together,  one 
reading  a  letter  aloud,  the  other  holding  his 
hands  tightly  over  his  com- 
panion's ears.  An  observer  in- 
quired the  reason  for  this  queer 
attitude.  "Why,"  was  the  an- 
swer of  the  one  who  was  hold- 
fing  the  other's  ears,  "the  letter 
m  my  sweetheart.  Jack 
i-  reading  it  to  me  because  I 
can't  read  myself.  That  is  all 
right,  but  I  don't  want  him  to 
hear   a  word   of  what   is   writ- 


*}, 


Poor  Bees 


Mary   had  a  swarm    of  bees. 
And  they,  to  save  their  lives, 


Must  go  wherever  Mary  went 
'Cause  Mary  had  the  hives. 

■ — Four  Track  Nezus. 


Her  System 
Patient  to   Pretty    Nurse.— "Will  yon  be 

my  wife   when    I    recover  ?" 

Pretty  Nurse. — "Certainly." 

Patient. — "Then  you  love  me?" 

Pretty  Nurse. — "Oh,  no;  that's  merely  a 
part  of  the  treatment.  I  must  keep  my  pa- 
tients cheerful;  I  promised  this  morning  to 
run  away  with  a  married  man  who  had  lost 
both  his  legs." — Houston  Post. 


One  More  on  Mary 

Mary  had  a  little  lamb. 

Just  thirty  years  ago; 
The  chops  we  had  for  lunch  to-day 

Were  from   that  lamb,  I   know. 


Forethought 

Suddenly  Archie  clapped  his 
hand  on  one  of  the  upper 
pockets  c f  his  waistcoat. 

"Crushed  your  cigars  again, 
I  suppose?"  said  Miss  Jarmer, 
with   a   bewitching  blush. 

"No,  thank  heaven!"  ex- 
claimed Archie.  "I  remember 
now  that  1  put  them  in  the 
other  pocket  before  I  came." — 
Chicago   Tribune. 


Everything  Goes 

''What  you  say  goes!"  he  sadly 
said, 
With  eyes  and  heart  aflame. 
She   glanced   at   the   clock    and 
turned  her  head, 
And  softly  murmured  his  name. 

■ — Cleveland   Leader. 
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On  Her  Last  Lap 

Bella — "So    she's    engaged    at    last ! 


Slu 


seems  likely  to  beat  us  all  in  the  matrimonial 
race." 

Stella — -"Yes ;    she    is   on   her   last   lap   this 
time." — Illustrated   Bits. 

Question  of  Taste 

Unto  a  little  African, 

A-sivinunin'  in   the  Nile 
Appeared  quite  unexpectedly 

A  hungry  crocodile. 

And  with  that  chill  politeness 

That    makes    the    warm    blood    freeze. 

Said,  "I'll  take  a  little  dark  meat  _ 
Without  dressing,  if  you  please." 


It  Comes  From 
Kansas 

A  man  at  Eldorado, 
Kan.,  comes  out  with  the 
statement  that  after  the 
maple  syrup  has  all  been 
exhausted  from  the  Kan- 
sas corncobs,  the  pulp  is 
made  into  a  breakfast 
food,  which  sells  at  ten 
cents  a  pound. — Troy 
Times. 


The  Man  For  Her 


"Man's 


m a d e ,"     she 
,   "of  dust,   they 


say ; 
The  man  I  want  is  he 
With  sand  enough  to  find  a  way 
To  make  the  dust  for  me." 

— Philadelphia  Press. 


An  Expert  Opinion 

"Will  alcohol  dissolve  sugar'-'*' 

"It  will,"  replied  the  Old  Soak;  "it  will  dis- 
solve gold,  brick  houses,  and  horses,  and  happi- 
ness, and  love,  and  everything  else  worth  hav- 
ing."— Norton  Champion. 


His  Reason 

In  a  little  village  there  once  lived  a  boy  who 
was  supposed  to  be  dull-witted,  and  the  men 
of  the  village  used  to  find  great  fun  in  offering 
him  the  choice  between  a  threepenny  bit  and  a 
penny,  of  which  he  invariably  chose  the  latter. 
A  stranger  one  day  saw  him  choose  the  penny 
rather  than  the  threepenny  bit,  and  asked  him 
for  the  reason.  "Is  it  because  the  penny  is  the 
biggest?"  the  stranger  asked. 

"Naw,  not  'cause  it  is  the  biggest.  If  I  took 
the  threepenny  bit,  they'd  gi'e  o'er  off'rin'  it." — 
The  Tatler. 


The  Fence 

'The   fence   it   runs   around   the 
yard; 
It   has  a  swinging  gait; 
.■III  day,  all  night,  it  stands  on 
guard — 
Such   is   the  picket's  fate. 
A  better  servant  il  than  most: 
The   fence    it    never   leaves    its 
post. 
— Saturday  Evening  Post. 


Out  of  the  Mouths  of 
Babes 

"Uncle  Ja<  k,  what   i     it  the 
men    play,    when    one    t.  kes    a  ^^    ^^ 

long  pole,   nil  is  some  chalk  on 
the    end    of    it,    pokes    a    white 
ball  around  the  table,  and  then   h'ists   up   one 
leg  and  says  'damn'  ?" 


A  Literary  Career 

She  wrote  a  verse  when  she  was  eight; 

When  she  was  tzvelve  she  zvrote  a  story; 
At  seventeen  she  tempted  fate 

With  several  melodramas  gory; 
Tzvo  novels  came  at  tzventy-one ; 

The  foolish  publishers  all  spurned  them ; 
Said  she,  with  no  intent  to  pun: 

"I've  stuff  to  burn."  And  so  she  burned  them. 
— Sam   S.   Stinson. 


Out  in  the  Kitchen 

Customer  (in  restaurant). — "Waiter,  I  wish 
you  would  bring  me  a  medium-done  porter- 
house steak  smothered  in  mushrooms. ' 

Waiter  (loudly  to  cook). — "Choke  one  with 
the  toadstools  !" — Milzvaukee  Sentinel. 

**• 

No  Comparison 

The    people    that    I've    smiled 
with. 

Wild  animals  I've  fought, 
Cigars   that   I   hare  smoked  at, 

The  fish  that  I  have  caught — 

The  kings  that  I've  hobnobbed 
with. 
And  the  rest,  you  bet, 
Are  absolutely  nothing  to 
The  shirt-waists  I  hare  met! 
—Life. 

■*• 
A  Close  View 

Telescope  Proprietor — Step 
up,  ladies  and  gents,  and  view 
the      planet      Mars.       One      penny,       mum." 

Old  Lady — "Oh,  lor' !  Hain't  it  round  and 
smooth !" 

Telescope  Proprietor  —  "Will  the  bald- 
headed  gent  please  step  away  from  the  front 
of  the  instrument?" — Tit-Bits. 
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Number  Twenty-Seven— The  Corliss  Engine 


The  "  Events  " 

Then 

are     in     each     stroke, 

:vents, 

as  they  are  called  : 

IN  Chalk  Talk  No.  Will,  was  con 
i  nl  a  comm< in  de>  ice  f< >r  c< >n 
trolling  the  admission  of  steam  to 
the  engine  cylinder.  We  learned  thai 
a  single  box-shaped  valve  can  be  made  of 
such  form  that  it  will  admit  and  release 
the  steam  at  the  proper  points  of  the 
stroke,  for  both  ends. 


tour 


Admission:   the  point  at  which   steam  is  al- 
1   to  flow   into  the  cylinder; 

Cut-off:  the  point  in  the  stroke  at  which 
the  flow  of  steam  is  stopped,  and  no  more 
steam  can  enter  during  the  stroke; 

Release:  the  point,  near  the  end  of  the 
stroke,  at  which  the  expanded  steam  is  per- 
mitted to  leave  the  cylinder; 

Compression:  the  point  at  which  the  valve 
closes  the  exhaust.  As  no  more  steam  can 
get  out,  the  imprisoned  steam  is  compressed 
by   the  advancing  piston. 

A.S  there  arc  two  ends  to  the  cylinder, 
the  one  valve  really  controls  eight 
events,   four  for  each  end. 

Defects  of  Slide- Valve 

The  plain  slide-valve,  already  dis- 
cussed, has  at  least  four  disadvantages: 
(a)  It  does  not  open  and  close  promptly, 
because  of  its  travel ;  and  the  tardiness 
causes  the  steam  to  lose  pressure;  (b)  it 
cannot  be  designed  to  give  the  best  steam 
distribution  :  some  compromise  must  be 
made,  for,  if  one  or  two  events  are  per- 
fect, the  others  will  be  sacrificed,  and  the 
arrangement  causes  considerable  cylinder 
condensation;  (c)  the  steam  must  enter 
through  the  ports  that  have  just  con- 
ducted away  the  cool  exhaust  steam,  and 


these  ports  are  quite  long ;  ( </ 1  the  valve 
is  of  such  area  that  the  total  pressure 
on  its  back  makes  necessary  considerable 
pi >u er  t< >  move  it. 

The  Corliss  Gear 

The  Corliss  engine,  invented  by 
George  I  I.  (  orliss  in  1849,  and  since  im- 
proved by  several  skilled  engineers,  rem- 
edies these  defects  to  a  great  extent.  The 
most  important  feature  of  this  type  of 
engine  is  its  four  valves.  Instead  of  a 
single  valve  regulating  the  eight  events, 
each  of  the  four  valves  controls  two  of 
them.  For  instance,  a  valve  opens  to  ad 
mit  steam  at  one  end  of  the  cylinder,  re- 
mains open  until  the  proper  amount  has 
flowed  in,  and  then  closes;  its  work  is 
finished  for  the  stroke;  it  is  closed  until 
it  again  admits  steam  to  that  end. 

An  admission  valve  has  nothing  to  do 
with  exhaust  ;  it  has  nothing  to  do  with 
the  admission  or  cut-ofr"  at  the  other  end  ; 
and  it  remains  inactive  wdiile  the  steam  is 
expanding,  is  released,  and  compressed 
at  its  own  end.  Thus  it  is  seen  how  in- 
dependent the  valves  are,  and  this  inde- 
pendent action  allows  the  engineer  to 
regulate  to  a  nicety  the  events  of  the 
strokes. 

Because  of  the  quick  action,  there  is 
full  pressure  at  every  point ;  the  valves 
are  placed  so  close  to  the  cylinder  barrel 
that  the  ports  are  very  short ;  and  as  the 
exhaust  is  separate,  and  the  live  steam 
enters  through  one  valve  and  leaves  by 
another,  the  ports  are  not  called  upon  to 
do  double  dutv. 


The  Corliss  Valves 

The  valves  themselves  are  cylindrical 
at  the  ends,  to  provide  a  true  surface  for 

(Rights  of  Publication  Reserved  by  Author) 


(316) 


CHALK    TALKS— THE    CORLISS    ENGINE 


317 


FLATfT 


THE- CORLISS   ENGINE 


ADMISSION 
VALVE  | 

opcn    • 


EXHAUST 
VALVE 
CLOSED 


43  STEAM  ARM 
TO   ECCENTRIC 


oscillation.  The  rest  varies  in  shape  ac- 
cording to  the  designer.  Each  valve  is 
prolonged  at  one  end,  and  to  it  is  keyed 
a  steam  arm,  which  is  connected  to  a 
dash-pot  by  a  rod.  The  dash-pot  pulls 
on  the  steam  arm  so  that  when  the  valve 
is  released  by  the  knock-off  mechanism, 
it  will  snap  shut  very  quickly. 

A  double-armed  lever,  not  keyed  to  the 
valve,  is  connected  to  the  wrist-plate  (one 
arm)  and  also  to  the  steam  hook  (other 
arm),  which  is  the  knock-off  device. 
The  steam  arm  and  hook  move  together 
until  cut-off  occurs,  at  which  point  the 
catch  on  the  steam  hook  releases  the 
valve,  and,  as  it  is  now  worked  by  the 


dash-pot,  it  snaps  shut.  Another  lever, 
working  a  cam,  is  connected  with  the 
governor. 

The  action  is  this:  the  steam  hook, 
moved  by  the  wrist-plate,  reaches  over 
and  engages  the  catch,  and,  as  the  mo- 
tion reverses,  picks  up  the  catch,  and 
holds  the  valve  open  while  steam  is  being 
admitted. 

At  cut-off,  the  knock-off  mechanism 
lets  go  the  catch,  and  the  valve  snaps 
shut  "because  of  gravity  and  the  pull  of 
the  dash-pot. 

The  exhaust  valves  are  simply  worked 
by  the  levers  which  connect  them  to  the 
oscillating  wrist-plate. 


mechanic  artst    Put  the  question  into  writing  and  mail  it  to 

I  TECHNICAL  WORLD  MAGAZINE.      We  have  made  arrangements  with  the  American 

questions  answered  by  members  of  its  staff  of  Instructors.      Tf  the  question 

ill  be  published  in  the  magazine.     If  of  only  personal  interest,  the  answer  will 

a  stamped  and  addressed  envelope  is  enclosed  with  the  question.    Requests  for  information  as  to 

twill  also  be  cheerfully  answered. 


Pounding  of  Locomotives 

Question:  Give  a  few  reasons  for  pounds 
in  locomotives. — .1.  K. 

Answer:  An  experienced  engineer  who 
is  familiar  with  the  various  sounds  pro- 
duced by  a  locomotive,  can  very  often 
locate  a  pound  by  its  particular  sound. 
The  best  way  to  locate  a  pound  is  to  place 
the  engine  on  the  top  quarter,  block  the 
driving  wheels,  and  have  the  fireman  give 
the  engine  a  little  steam  and  reverse  her, 
and  then  watch  all  points  on  that  side 
where  she  is  liable  to  pound.  Knocking 
or  pounding  may  he  caused  by  an  in- 
sufficient oiling  of  the  cylinders,  main 
shaft,  main  crank-pin,  or  cross-head  pin; 
or  by  lost  motion  in  any  of  the  recipro- 
cating parts,  such  as  the  main  rod 
ses,  loose  cross-head  pin,  or  loose 
crank-pin  :  or  by  a  had  fit  hetween  piston- 
rod  and  cross-head  or  piston.  If  a  piston 
strikes  the  cylinder  head,  it  will  cause  a 
knock,  too  loose  wedges,  loose  knuckle 
pin  or  bushing,  or  loose  middle  connect- 
ing hrasses.  Wedge  down,  or  when 
wedges  are  stuck  they  will  also  cause  a 
thumping  sound.  A  broken  engine  frame 
or  loose  cylinders  or  loose  deck  will  also 
cause  a  bad  pound.  Very  loose  pedestal 
hraces  on  light  frames  will  sometimes 
cause  a  pound.  Imperfect  fitting  up  of 
the  shoes  and  wedges  while  undergoing 
repairs,  is  also  a  cause  of  many  pounds ; 

{318) 


when  finished,  the  shoes  and  wedges  should 

he  perfectly  parallel  and  not  hind  the  box 
on  either  top  or  bottom,  leaving  the  other 
end  loose,  which  is  sure  to  cause  a  pound. 
Another  cause  of  pounding  in  the  driv- 
ing hoxes,  is  loose  oil-cellars;  cellars 
should  he  a  good,  close  fit  into  the  driv- 
ing box,  as  the  weight  of  the  engine  and 
the  constant  wear  of  the  hrass  tends  to 
close  the  box  at  the  bottom,  which,  if 
permitted,  would  eventually  cause  a 
pound.  The  driving  box  wears  the  sur- 
face of  the  shoe  and  wedge  against 
which  it  rubs :  while  the  surface  extend- 
ing above  the  box,  not  being  subject  to 
wear,  naturally  causes  a  shoulder  to  be 
worn  on  both  shoe  and  wedge,  which  is 
a  frequent  cause  of  the  box  sticking  and 
causing  a  pound  ;  it  is  for  this  reason  so 
many  roads  have  the  top  ends  of  the 
shoes  and  wedges  planed  off  below  the 
wearing  surface,  and  many  roads  have 
discontinued  the  practice  of  beveling  the 
top  edges  of  the  driving  boxes  to  admit 
oil  as  they"  catch  too  many  cinders, 
which  causes  the  shoes,  wedges, '  and 
boxes  to  cut.  Oil  holes  are  drilled 
through  from  the  cellar  on  top  of  the 
box  to  the  wearing  surface  of  the  box. 
Loose  driving  hrasses,  either  circle  or 
gib  brasses,  will  cause  a  pound.  Square 
bottom  spring  bands,  poorly  fitted  spring 
saddles,  or  any  interference  with  a  free 
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movement  of  the  equalizer,  will  also 
cause  a  knocking  sound.  See  that  the 
springs  do  not  rub  the  boiler,  or  the  sad- 
dle strike  the  engine  frame.  Pounds  are 
also  caused  by  wet  steam  or  foaming, 
causing  water  in  the  cylinders.  Excessive 
back  pressure  will  also  cause  a  pound  in 
the  cylinders.  Imperfectly  balanced 
driving  wheels  will  create  a  jerking  of 
the  engine.  Too  great  or  too  small  a 
compression  will  also  cause  a  jerk  when 
passing  over  the  center.  For  a  high 
speed,  the  compression  should  be  almost, 
if  not  quite,  equal  to  the  initial  boiler 
pressure.  Loose  deck  or  loose  cylinders 
will  also  cause  a  pound.  Lost  motion  in 
the  valve  gear  will  often  cause  the  re- 
verse lever  to  rattle ;  badly  distorted 
valves,  which  cause  an  unequal  distribu- 
tion of  steam,  often  cause  a  jerking  sen- 
sation when  hooked  up  near  the  center 
notch.  Side  rods  (except  the  middle 
connection)  will  not  pound,  but  will  rat- 
tle. A  loose  follower  bolt  will  usually 
cause  a  knocking  in  the  cylinder  when 
steam  is  shut  off.  Packing  springs  some- 
times cause  a  sort  of  clicking  sound. 
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moves  the  second  hand  one  division  of 
the  second  dial.  The  first  hand  in  the 
position  given  in  the  diagram  indicates 
700,  not  7,000. 

In  deciding  upon  the  reading  of  any 
hand,  the  hand  before  it,  to  the  right, 
should  be  consulted.  Unless  the  hand  be- 
fore it  has  reached  or  passed  the  zero, 
or,  in  other  words,  completed  a  revolu- 
tion, the  other  has  not  completed  the 
division  upon  which  it  may  appear  to 
rest.  For  this  reason,  ease  and  rapidity 
are  gained  by  reading  a  meter  from  right 
to  left. 

In  Fig.  2,  the  first  dial,  or  the  one  at 
the  extreme  right,  reads  900.  The  sec- 
ond dial  apparently  indicates  zero ;  but 
since  the  first  has  not  completed  its  revo- 
lution, but  indicates  only  9,  the  second 
cannot  have  completed  its  division ; 
hence,  the  second  dial  also  indicates  9. 
The  same  is  true  of  the  hand  of  the  third 
dial ;  the  second  being  9,  it  has  not  quite 
completed  its  revolution,  so  the  third  has 
not  completed  its  division,  and  therefore, 
we  again  have  9.  The  same  holds  true 
of  the  fourth  dial.     The  last  hand — the 
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Fig.  1.  Fie  2. 

DIAGRAM   TO    ILLUSTRATE    READING   OF   ELECTRIC    METERS. 


Reading  Electric  Meters 

Question:  Please  explain  the  reading  of 
electric  meters. — H.  B. 

Answer:  We  assume  from  the  above 
that  you  refer  to  the  reading  of  the  re- 
cording wattmeter.  To  read  correctly 
the  dial  of  such  a  meter,  some  care  is 
necessary. 

The  figures  marked  under  or  over  the 
dial  (1,000,  10,000,  etc.)  are  the  amounts 
required  by  a  complete  revolution  of  the 
hand ;  therefore,  one  division  of  the  dial 
indicates  .1  of  the  amount  indicated 
above  or  below.  A  complete  revolution 
of  the  first  hand — that  at  the  extreme 
right    in    Fig.    1 — indicates    1,000,    and 


one  at  the  extreme  left — appears  to  rest 
on  1 ;  but  since  the  fourth  is  only  9,  the 
last  has  not  completed  its  division,  and 
therefore  indicates  zero.  Putting  the 
figures  clown  from  right  to  left,  the  total 
reading  is  999,c'00,  although  one  might 
erroneously  read  this  1,999,900,  making 
an  enormous  mistake  of  1,000,000  units. 
Referring  to  the  dial  in  Fig.  1,  and 
reading  it  in  the  same  manner  from  right 
to  left,  the  reading  would  be  99,700. 

To  Find  Center  of  Circle 

Question:     How  can  the  center  of  a  circle 
be  found  when  only  an  arc  is  given? — E.  F. 
Answer:     First,  divide  the  portion  of 
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the  circle  which  you  have  into  any  two 

parts,  as  ./  (."  and  I  B.  It  is  not  neces- 
sary that  the  two  parts  should  be  of 
equal  length.  Now  set  dividers  to  any 
length  :  and  with  the  two  points  marked 
A  and  C  as  centers,  describe  the  four 
short  arcs  marked  D;  and  from  the  two 
points  where  the  lines  D  cross,  erect  the 
line  marked  1:.  Now,  with  the  two 
points  marked  C  and  B  as  centers,  de- 
scribe the  four  short  arcs  marked  E;  and 
from  the  two  points  of  intersection,  erect 
the  line  G.  Now,  the  point  wdiere  lines 
F  and  G  cross,  marked  H,  is  the  center 
of  the  circle.  This  rule  will  be  found 
very  useful  in  ascertaining  the  correct 
diameter  of  a  cylinder  patch  or  anything 
of  that  kind. 


the  negative  pole  of  the  generator,  as 
shown  in  the  sketch.  The  track  thus 
forms  the  return  path  for  the  current,  al- 
though in  practice  some  of  the  current 

leaks  from  the  track  to  the  ground  and 
to  neighboring  water  pipes,  and  may  re- 
turn to  the  station  iii  this  manner,  instead 
of  through  the  tracks  as  it  is  supposed 
to  do.  This  is  frequently  the  cause  of  a 
good  deal  of  trouble,  on  account  of  elec- 
trolysis of  the  pipes  which  form  the  re- 
turn path  for  the  current. 

Answer  2:  Armature  cores  should  al- 
ways be  made  of  discs  of  very  soft,  high- 
grade  iron  or  steel.  This  is  the  so-called 
"laminated"  construction,  as  opposed  to 
the  "solid  core/'  which  was  used  to  some 
extent  at  first.  The  material  must  be  of 
high  permeability,  in  order  that  the 
hysteresis  loss  shall  be  low,  and  should 
be  laminated  in  order  to  keep  down  the 
eddy  current  loss.  It  is  not  necessary 
that  the  core  of  the  armature  be  a  con- 
ductor of  electricity,  but  it  must  be  a 
conductor  of  magnetism,  such  as  iron  or 
steel,  and  it  so  happens  that  these  sub- 
stances are  also  conductors  of  electricity. 


Power  Factor  of  Induction  Motors 

Question:  Is  it  possible  for  two  induction 
motors  on  the  same  circuit  to  have  different 
power  factors  at  the  same  instant?  If  so, 
please  explain. — R.    //'.   11. 

Answer:  The  two  motors  may  have 
widely  different  power  factors;  in  fact, 
they    are    entirely    independent  of  each 


Street-Car  Circuit— Material  of  Drum- 
Wound  Armature 

Question  i:  Can  you  explain  to  me  how 
the  circuit  through  the  motor  of  a  street-car 
is  completed,  or  where  the  current  passes  after 
going  through  the  motor? 

Question  2:  When  the  drum-wound  ar- 
mature is  used  in  a  dynamo,  what  is  the  best 
material  of  which  to  make  it,  and  is  it  neces- 
sary that  it  be  made  of  a  conductor? — R.  E. 

Ansr^'cr  1:  In  the  case  of  an  electric 
car,  the  current  passes  from  the  positive 
terminal  of  the  generator  at  the  power 
to  the  trolley,  and  through  the  trol- 
ley pole  to  the  controller ;  then  through 
the  motor  ;  and  finally  through  the  wheels 
to  the  track,  throusrh  which  it  returns  to 


Trolley 


Track 
Diagram  of  Trolley-Car  Circuit 

other.  The  power  factor  of  any  motor 
depends  upon  the  lag  of  the  current  feed- 
ing the  motor  with  respect  to  the  voltage. 
The  lag  of  the  motor  current  is  con- 
trolled entirely  by  the  load  of  that  motor, 
and  has  nothing  to  do  with  the  lag  of  the 
other  parts  of  the  circuit. 


ALMOST  A  PARADOX. 
Scene  on  La  Guayra  Railway.     Two  trains  running  in  same  direction,  bound  in  opposite  directions. 
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World's  Most  Crooked  Railway 


By  E.  W.  PACKARD 


TOURISTS  in  the  West  Indies  and 
the  Caribbean  who  stop  short  of 
Caracas,  miss  a  magnificent  ride 
over  the  most  crooked  railroad 
in  the  world.  This  term  is  not 
meant,  however,  to  convey  any  re- 
flection on  the  honesty  of  its  man- 
agement. No  charges  of  rebate-giving 
or  bribery  of  law-makers  have  been  made 
against  the  company  that  owns  the  line 
connecting  Venezuela's  capital  with  its 
seaport,  La  Guayra. 

The  railway  wriggles  and  twists  its 
way  up  through  the  mountains  for  twen- 
ty-three miles  ;  and,  with  the  exception 
of  about  a  mile  along  the  seashore,  it 
has  scarcely  a  straight  rail  on  its  tracks. 
Caracas  is  but  ten  miles  inland,  as  the 
crow  flies ;  but  the  train  travels  more 
than  twice  that  distance,  and  in  doing 
so  climbs  up  something  more  than  3,000 
feet,  the  last  two  miles  being  a  gentle 
down  grade.  The  maximum  grade  is 
four  per  cent,  and  not  much  of  the  way 


is  the  grade  appreciably  below  the  maxi- 
mum. There  are  steeper  railways  in  the 
world ;  but  few,  if  any,  that  equal  this 
one  for  multiplicity  of  short  curves,  and 
for  the  grand  panoramas  of  mountain, 
vallev,  and  sea  that  are  unfolded  before 


Zigzag  on  La  Guayra  Railway. 
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the  traveler  as  the  train  pushes  its  way 
slowly  around  successive  shoulders  of  the 
rang< . 

There  are  points  on  the  line  from 
which  six  levels  of  the  track  may  be  seen 
at  'iicc.  and  near  the  midway  station 
known  as  Zig-Zag,  tourists  arc  shown 
two  trains,  about  fifty  feet  apart  later- 
ally, moving  for  half  a  mile  in  the  same 
direction,  though  one  is  bound  for  Cara- 
cas  and  the  other  for  La  Guayra.  The 
minimum  radius  of  the  road's  curves  is 
only  43  meters,  or  about  141   feet. 

The  Caracas-La  Guay- 
ra Railway  was  built 
some  twenty  years  ago  by 
an  American  engineer  em- 
ployed by  an  English 
company,  lie  might  have 
made  it  shorter  a  n  d 
straighter  by  construct- 
ing more  tunnels — there 
are  only  eight — but  there 
was  no  incentive  to  such 
economy  of  distance  and 
to  the  further  expendi- 
ture which  this  would 
have  entailed.  The  line 
has  absolutely  no  com- 
petition except  the  ubi- 
quitous burro.  Moreover, 
it  need  fear  no  competi- 
tion in  the  future,  for  it 
occupies  the  only  practi- 
cable railway  route  be- 
tween the  seaport  and  the 
capital. 


Years     a  g  o     another 
English    compan)     sur- 

\  e\  ed  a  route   lor  a  C(  ig 

r<  tad  over  the  mi  ointains 

direct     f ti  mi    seashore    to 

(  aracas,  and  even  w  <  nl 

so  Ear  as  to  build  parts 

<  if    the    roadbed  ;   but    its 

mi »ney  gave  out,  and  it  is 

altogether  unlikely  that 
capital  could  be  found 
now  to  carry  such  a  pro- 
ject to  completion.  The 
Venezuelans  are  rather 
an  easy-going  people, 
seldom  in  a  hurry  ;  and 
t  h  e  existing  railway 
serves  all  their  needs, 
even  though  its  trains  be 
slow    and    few. 

Financially,  moreover,  the  Caracas-La 
Guayra  Railway  is  reasonably  successful. 
The  capital  and  its  suburbs  have  a  popu- 
lation of  more  than  100,000;  and  this, 
with  the  several  other  railways  that  have 
their  terminus  at  Caracas,  furnishes  a 
very  considerable  traffic.  The  capital 
stock  is  $4,175,000,  and  annual  dividends 
have  been  paid,  varying  from  four  to  one 
per  cent. 

It  is  fair  to  presume  that,  with  more 
stable  political   conditions   in  Venezuela, 


LA  GUAIRA 


Map  Showing  Route  of  Caracas-La  Gcayra  Railway. 


WORLD'S  MOST  CROOKED  RAILWAY 
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FREIGHT  TRAIN   ON  LA   GUAYRA    RAILWAY,   OVER  2,000  FEET  ABOVE    SEA-LEVEL. 

View  at  Boquerdn. 


the  earnings  will  increase  largely  ;  and, 
as  the  physical  condition  of  the  road  is 
now  excellent,  the  operating  expenses  are 
decreasing  each  year. 

Considering  the  perils  of  its  route,  ac- 
cidents on  this  road  are  remarkably  few. 
Once  in  a  while  a  cut  is  filled  up  with 
tons  of  rock  that  has  been  loosened  by 
rains ;  and  now  and  then  a  big  stone 
hurtles  down  the  mountain  side  and 
knocks  a  hole  in  a  passenger  car.  But 
fatalities  are  rare,  and  General  Manager 
Almond,  vigorous  and  masterful,  does 
not  permit  his  line  to  be  blocked  long  by 
even  the  worst  of  landslides. 


Favored  persons  are  sometimes  taken 
down  the  line  from  Caracas  to  La 
Guayra  on  a  gravity  hand-car  equipped 
only  with  strong  brakes,  and  known  lo- 
cally as  the  "trolley."  It  is  a  thrilling 
ride  at  a  speed  of  about  twenty-five  miles 
an  hour.  The  little  car  whirls  around 
sudden  curves  where  to  jump  the  track 
means  to  plunge  over  a  thousand- foot 
precipice,  dashes  through  crooked  tun- 
nels, rushes  across  mighty  gashes  in  the 
face  of  the  earth,  and  finally  slides 
through  the  graceful  palm  groves  of 
Maiquetia  to  the  shore,  where  the  surf 
of  the  Caribbean  beats  unceasinglv. 


Progress 

A  S  long  as 
*■     *■  as  long  as 

we 

aspire,  look  up 

and 

not 

down  ; 

we 

keep  stretching 

our 

min 

ds 

over 

great  problems, 

we 

shall  continue  to 

grow 

Hardening  of  Tool  Steel 


Bj    EDWARD  R.MARKHAM 

toi  in  Machine  Shop  Worki  Rindga  Manual  Training  School,  CumbridKu,  Muss. 


T 


!  steel  ran  be  hardened  by 
heating  to  a  low  red  heat 
and  plunging  in  some  cooling 
medium,  as  water,  brine,  or  oil. 

Heating 

A  piece  of  steel  should  never  be  heated 
any  hotter  than  is  necessar}  to  give  the 
desired  result.  The  heat  necessary  varies 
with  the  make  of  the  steel,  the  amount  of 
carbon  it  contains;  the  size  and  shape  of 
the  piece,  and  the  purpose  for  which  it 
is  to  be  used.  Much  depends  on  beating 
uniformly;  a  piece  of  steel  should  be 
given  a  uniform  heat  throughout;  the 
-  and  corners  should  be  no  hotter 
than  the  center,  and  the  interior  should 
be  of  the  same  temperature  as  the  sur- 
face. If  not.  the  piece  is  likely  to  crack 
in  the  cooling  bath,  on  account  of  the  un- 
even changes  which  take  place  in  the 
molecular  structure.     While  it  is  highly 
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important  that  the  steel  be  heated  no  hot- 
ter than  is  necessary,  yet  it  is  of  much 
more  importance  that  it  be  heated  uni- 
formly. 

If  the  piece  is  heated  in  an  ordinary 
forge,  be  sure  that  the  air  from  the  blast 
not  strike  it.  For  a  large  piece, 
build  a  larg^e,  high  fire ;  have  it  well 
heated  through  before  putting  in  the 
steel.  Use  the  blast  only  enough  to  keep 
a  lively  fire  :  have  the  steel  well  buried  in 
the  fire  in  order  that  the  air  may  not 
strike  it. 

Cooling 

When   the  piece  is  uniformly  heated, 

uld  be  plunged  into  a  suitable  bath 

to  give  it  the  proper  hardness.     Tt  must 
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be  worked  rapidly  up  and  down  or 
around  in   the  bath,  in  order  to  gel   it 

away  from  the  steam  generated  by  the 
red-hot  steel  coming  in  contact  with  the 
liquid,  and  also  that   it   may   constantly 

come  in  contact  with  the  cooler  parts  of 
the  bath.    1 1  the  piece  is  long  and  slender, 

it  must  be  worked  up  and  down;  if  it 
is  short,  with  teeth  on  the  outer  vA'^v,  as 
a  milling-machine  cutter,  it  should  be 
worked  around  rapidly  in  order  that  all 
the  teeth  may  be  cooled  uniformly.  If 
it  is  Hat  and  has  a  hole  through  it  whose 
inner  walls  must  be  hard,  it  should  be 
swung  back  and  forth  in  order  that  the 
bath  may  pass  through  the  aperture  and 
at  the  same  time  strike  both  faces. 

If  the  tool  is  not  to  be  hardened  all 
over,  and  it  is  necessary  to  heat  it  higher 
than  the  point  at  which  the  hardening  is 
to  stop,  it  may  be  dipped  in  the  bath  to 
a  point  a  trifle  higher  than  we  wish  it 
to  harden,  and  then  worked  up  and  down 
a  little. 

Delicate  articles  should  not  be  dipped 
in  a  bath  of  very  cold  water  or  brine  ;  for 
such  work,  a  tepid  bath  gives  better  re- 
sults. 

Steel  should  always  be  hardened  at  a 
heat  that  leaves  the  grain  fine  when  the 
piece  is  broken.  This  can  be  determined 
by  hardening  and  breaking  a  small  piece 
from  the  same  bar  from  which  the  tool 
is  to  be  made.  A  coarse  grain  denotes 
a  heat  higher  than  the  steel  should  re- 
ceive. 

It  will  be  found  necessary,  when  heat- 
ing some  kinds  of  steel,  to  put  the  arti- 
cles in  an  iron  tube  so  that  air  cannot 
come  in  contact  with  them.  This  is  es- 
pecially true  when  hardening  such' tools 
as  taps  or  formed  mills  whose  outer  sur- 
faces cannot  be  ground,  because  the  oxy- 
gen in  the  air  acting  on  the  carbon  at  the 
surface  of  the  piece  of  steel  burns  it, leav- 
ing the  surface  decarbonized.  Better  re- 
sults can  be  obtained  with  any  tool  if  it  is 
kept  from  the  action  of  the  air  when 
heating  for  hardening. 
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When  hardening  a  piece  having-  a 
shoulder  A  on  the  outside,  as  shown  in 
Fig.  1,  or  on  the  inside,  as  shown  in  Fig. 
2,  hardening  should  not  stop  at  the 
shoulder,  as  the  unequal  strains  occa- 
sioned by  the  contraction  of  the  hardened 
part  at  the  shoulder  are  likely  to  cause 
it  to  crack  at  that  point.  The  piece 
should  not  be  hardened  as  high  as  the 
shoulder;  but,  should  it  be  necessary  to 
do  so,  it  is  well  to  harden  a  little  beyond. 

Citric  Acid  Bath 

An  excellent  bath  for  hardening  small 
pieces  may  be  made  by  dissolving  one 
pound  of  citric  acid  crystals  in  one  gallon 
of  water.  The  solution  should  be  kept 
tightly  closed  when  not  in  use,  or  it  will 
evaporate.  Small  tools  heated  to  a  low 
red  heat,  and  dipped  in  this  solution, 
harden  more  uniformly  than  when  im- 
mersed in  clear  water. 

Pack  Hardening 

"Pack"  hardening  gives  excellent  re- 
sults with  pieces  that  cannot  be  hardened 
by  the  methods  ordinarily  employed  with- 
out risk  of  springing  or  cracking.  The 
article  is  packed  in  an  iron  box  with  some 
carbonaceous  material,  and  subjected  to 
the  action  of  heat  to  allow  it  to  absorb 
enough  carbon  to  harden  in  oil.  While 
this  method  is  not  generally  used,  it  is 
very  valuable  when  hardening  such 
pieces  as  milling-machine  cutters,  blank- 
ing dies  for  punching-presses,  gauges, 
and  taps  where  it  is  necessary  that  the 
diameter  and  pitch  be  not  altered.  The 
carbonaceous  material  is  charred  leather, 
which  should  be  ground  or  pounded  very 
fine  (usually  about  one-half  the  size  of  a 
pea),  and  mixed  with  an  equal  quantity 
(volume)  of  wood  charcoal  whose  gran- 
ules are  of  about  the  same  size.  These 
should  be  thoroughly  mixed.  An  iron 
box  somewhat  larger  each  way  than  the 
piece  to  be  hardened  should  be  selected. 
A  layer  of  the  packing  material  one  inch 
deep  should  be  placed  in  the  bottom  of 
the  box,  and  the  piece  laid  on  this ;  the 
box  should  then  be  filled  with  the  pack- 
ing material  and  tamped  down.  Fill  the 
space  between  the  cover  and  the  box  with 
fire  clay,  thus  sealing  it  so  that  the  gases 
in  the  box  cannot  escape  and  the  direct 
heat  of  the  fire  cannot  gret  into  the  box. 


It  is  much  more  ecot  nmical  to  pack  a 
number  of  pieces  at  a  time,  as  several 
may  be  hardened  at  the  cost  of  one,  and 
at  a  saving  in  packing  material.  The 
pieces  should  be  wired  with  ordinary  iron 
binding  wire  of  a  sufficient  size  to  sus- 
tain the  weight  when  the  wire  is  red  hot. 
One  end  of  the  wire  should  project  over 
the  outside  edge  of  the  box,  and  should 
be  covered  with  the  luting  of  fire  clay. 
Several  holes  should  be  drilled  near  the 
center  of  the  cover  for  the  insertion  of 
test  wires.  The  wires  should  extend  to 
the  bottom  of  the  box.  The  box  may 
now  be  heated  sufficiently  to  charge  the 


Fig. 


pieces  with  carbon.  As  steel  does  not 
commence  to  absorb  carbon  until  it  is 
red  hot,  the  time  is  determined  by  means 
of  test  wires. 

For  ordinary  tools  J/2  inch  diameter 
and  under,  run  1  hour  to  1^  hours  after 
the  metal  is  red-hot ;  pieces  from  l/2  inch 
to  1  inch  diameter,  2  to  2]/2  hours ;  pieces 
from  2  to  3  inches'  diameter,  2y2  to  4 
hours.  The  above  must  be  varied  ac- 
cording to  the  nature  of  the  work. 

After  remaining  in  the  furnace,  the 
box  should  be  taken  out,  the  cover  re- 
moved, and  the  piece  drawn  out  by 
means  of  the  wire  attached  to  it.  It 
should  then  be  immersed  in  a  bath  of 
raw  linseed  oil.  The  piece  should  be 
worked  around  in  the  bath  until  the  red 
has  disappeared;  it  may  then  be  lowered 
to  the  bottom  of  the  bath,  and  allowed 
to  remain  until  cold. 

When  a  piece  of  steel  one  inch  in  di- 
ameter or  larger  is  hardened,  it  should 
be  reheated  over  the  fire  immediately  on 
taking  out  of  the  bath,  in-order  to  avoid 
cracking  from  the  strains  caused  by  mo- 
lecular changes  which  take  place  after  the 
outside  surface  is  hardened  and  unable 
to  yield  to  the  internal  strains.  Reheat- 
ing the  surface  to  a  temperature  of  about 
212°  will  accomplish  the  desired  result 
without  materially  softening  the  steel. 
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Irriga&iir&g  Iby  ElecthHicitty 

nrill'.  old-fashioned  method  of  irrigat- 
*     ing  land  by  means  of  long  ditches 
through  which  the  water  flows  by  grav 
ity.  has  done  incalculable  service  in  the 

reclamation  of  waste  land  and  in  making 
the  desert  blossom  as  the  rose.  It  must 
now.  however,  share  honors  with  a  less 
costly  and  more  reliable  system  which 
itutes  another  application  of  electric- 
ity to  the  beneficent  purposes  of  our  pres- 
ent-day. many-sided  life. 

The  new  method  consists  in  sinking 
wells  and  raising  water  to  the  surface  by 
means  of  electrically  driven  pumps.  Un- 
der favorable  circumstances,  an  electrical 
pumping  plant  can  be  installed  at  a  cost 
of  $4.00  an  acre. and  operated  at  a  further 


Father  Joseph  Murgas. 
Inventor  of  a  system  of  underground  wireless  telegraphy. 
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cost  not  exceeding  that  amount  .annually, 
whereas  the  average  cost  of  installing  a 
gravity  system  of  irrigation  is  aboul 
$13.00  per  acre,  for  which  the  animal  ex- 
pense of  water  supply  is  about  $1.60  per 
acre. 

The  gravity  system  is  necessarily  lim- 
ited in  application.  It  can  he  adopted 
only  where  the  water  can  he  led  down 
from  the  source  of  supply.  It  usually 
requires  a  reservoir  for  storage  purposes 
against  times  of  drought.  This  method, 
where  availahle,  is,  under  favorable  con- 
ditions, probably  as  cheap  as,  if  not 
cheaper  than,  any  other. 

The  windmill-driven  pump,  so  com- 
mon on  farms,  does  good  service,  but  is 
unreliahle  hecause  of  the  variahility  of 
the  wind  and  the  danger  of  destruction 
by  severe  storms.  It  is  apt  to  fail  when 
most  needed,  and  its  cost  is  large. 

In  the  electrically  driven  irrigating 
system,  these  difficulties  are  overcome. 
It  has,  moreover,  the  great  advantage  of 
giving  local  sections  independence  of  the 
surrounding  country,  so  that  each  can 
use  the  water  as  best  suits  it. 

TUim(dleiPf|ir<DU£imdl  Wirel@§§ 
Te  1  e  ffir-gvplhi^ 

lV/TAXY  a  man  can  "talk  through  his 
AV1  hat,"  and  that  apparently  without 
supreme  effort  or  without  any  compli- 
cated mechanical  device  contrived  to  fa- 
cilitate the  process.  To  talk  through  the 
earth,  however,  is  to  overcome  a  more 
substantial  obstacle.  A  method  of  doing 
so,  without  the  use  of  wires  or  other 
specially  installed  conductors,  has,  after 
years  of  experiment,  been  invented  by 
Father  Joseph  Murgas  of  the  Slavonic 
Catholic  church.   Wilkesbarre,   Pa.,  who 
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Anti-Friction  Spiral  Bearing. 

claims  that  before  long"  he  will  be  able 
to  send  wireless  messages  underground 
to  Europe. 

For  the  purpose  of  long-distance  com- 
munication, a  shaft  3,000  feet  deep  will 
be  sunk  here,  and  a  similar  shaft  in  Eu- 
rope. Each  shaft  will  be  walled  with 
concrete  to  guard  it  from  dampness ; 
and  wires  leading  some  distance  into  the 
earth  from  the  shafts  will  be  incased  in 
iron  or  steel  tubing.  High  power  will 
be  required  to  generate  the  transmitting 
waves;  and  the  inventor  will  use  a  spe- 
cial signal  system  of  his  own  invention, 
which  replaces  the  Morse  signals  used  by 
other  wireless  systems,  with  musical 
tones,  each  indicating  a  letter  of  the 
alphabet  in  the  code  word  or  group  of 
words,  and  thus  giving  greater  rapidity 
of  operation  than  the  Morse  system. 

Satisfactory  results  have  attended  tests 
with  shallow  shafts  and  small  power,  be- 
tween points  that  are  situated  a  few 
miles  apart. 


Kan.  His  experiments 
began  in  1894  with  the 
idea  of  a  straight  surface 
roller  bearing ;  but  as 
this  could  not  be  made 
dust-proof,  and  the  bear- 
ing, even  with  the  use  of 
lubricants,  was  soon  cut 
out,  the  idea  of  the  spiral 
was  substituted.  The 
device  comprises  a  jour- 
nal surrounded  with 
spiral  ridges,  around 
which  move  small  rollers 
with  spirals  also  sur- 
rounding them,  both  journal  and  rollers 
being  encased  in  a  box  having  spiral 
ridges  on  its  inner  or  concave  surfaces. 
The  rollers  are  so  designed  as  to  engage 
the  surfaces  of  the  ridges  on  the  journal 
and  the  boxing. 

It  is  claimed  that  this  bearing  entirely 
obviates  the  necessity  of  lubricants,  and 
that  it  can  be  applied  at  small  expense 
to  all  machines,  locomotives,  cars,  or 
vehicles  without  changing  their  form  of 
construction.  There  is  a  continuous 
passage  of  air  through  the  bearing,  which 
serves  to  keep  it  cool.  Dust  and  dirt  do 
not  injure  it,  and  it  needs  little  or  no 
attention.  The  saving  in  power  effected 
over  all  "static"  bearings  is  said  to  be 
more  than  65  per  cent — certainly  a  most 
remarkable  showing  if  it  is  substantiated 
in  regular  practice.  The  device  has 
been  satisfactorily  tested  on  a  car  of  the 
Atchison  (Kan.)  Railway,  Light  & 
Power  Company.  This  car  is  shown  in 
the  accompanying  illustration. 


A.  Sparal 
Bearing  || 

AN  anti-friction  spiral 
bearing  which  bids 
fair  to  prove  of  great 
importance  to  the  me- 
chanical world,  doing 
away  with  the  dirt, 
grease,  and  expense  of 
lubricants,  and  at  the 
same  time  effecting  a 
saving  in  power,  is  the 
invention  of  Chester  A. 
Latham    of    Wichita, 


Street-Car  Equipped  with  New  Spiral  Bearing. 
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Baby  Automobile 

QNE  of  the  greatest  attractions  among 
^  the  exhibits  of  the  recent  auto  .shows 
in  New  York  and  Chicago,  wis  a  little- 
"Baby"  car.  It  is  an  exact  reproduction 
at  smaller  a  16-hi  >rse  power  tour- 

ing car  built  l>\  the  same  makers,  a!l  di 
ighth  those  of  the 
latter.  The  motor  consists  of  two  water 
ntal  cylinders,  which  arc 
placed  in  the  center  of  the  chassis.  Ii 
will  develop  two  horse  power.  There  arc 
two  carburetters,  [gnition  is  by  jump- 
spark,  the  current  being  generated  in  the 
batteries;  and  lubrication  is  by  a  me- 
chanically driven  pump.  Two  speeds  for- 
ward and  (>nc  reverse  arc  provided,  the 
•  being  transmitted  by  cardan-shaft 
to  the  rear  wheels.  Gasoline  tank  and 
water  tank  are  placed  under  the  hood. 
The  ear  accommodates  four  passengers 
and  has  a  detachable  tonneau  with  two 
side  doors  ;  also  five  lamps  are  fitted.  All 
levers  and  pedals  for  steering  and  perfect 
control  are  provided,  as  in  the  larger 
models.  The  midget  ear  weighs  243  lbs., 
and  is  the  smallest  perfect  running  auto- 
mobile ever  produced.  It  was  made  en- 
tirelv  by  hand.  The  picture  shows  the 
car  and  its  designer.  Mr.  R.  E.  Olds. 


Hovel  Cs^le  Slhed 

PI  IF.  accompanying  photograph  is  of  a 

California      pumpkin      which      was 

actually  large  enough  to  serve  as  a  stall 

for  a    good-sized    calf.      As   the   animal 

was  six  weeks  old.  and  quite  large  for 


its  age,  .in  idea  ol  the  mammoth  propor- 
tions of  the  vegetable  can  he  gained.  It 
was  -low  n  by  a  farmer  near  Santa  I  'aula. 
I  ali  t  •  •  i  a  1 1  a . 


Baby  Alto,  Its  Passengers,  and  Designer. 


A  Novel  Cattle-Shkd. 

MiiEMEiigl  <d£  Mica 

jV/IK'A  is  an  essential  in  the  construc- 
tion of  electrical  apparatus,  and  has 
no  substitute  yet  known.  India  is  one 
of  the  chief  sources  of  supply.  Here 
very  large  areas  are  covered  by  deposits 
of  the  mineral,  and  more  people  are  em- 
ployed in  extracting  it  than  in  any  other 
part  of  the  world.  Last  year  the  two 
hundred  mines  of  the  country  yielded 
hundreds  of  tons.  The  methods  em- 
ployed, however,  are  primitive,  laborious, 
and  slow. 

Cuts  are  opened  along  the  outcrops  of 
the  mines,  alternating  with  cross-cuts  at 
right  angles  through  the  vein  founda- 
tions. Native  women  are  employed  to 
raise  the  material  to  the  surface,  being 
stationed  in  rows  along  the  inclined  open- 
ing, passing  the  mica  in  buckets  from 
hand  to  hand,  and  pitchers  of  water  for 
draining  the  works.  The  sheets  are 
trimmed  in  a  crude  fashion  with  a  knife, 
and  shipped  in  packages,  being  carried 
in  carts  to  the  various  shipping  points. 
The  women  receive  a  wage  of  6  cents  a 
day ;  the  men,  8  cents. 

Probably  in  the  near  future  less  primi- 
tive methods  will  be  found  to  procure 
a  mineral  with  so  important  a  mission. 
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A  FiroaSl.  off  MatUsipe 

(~\  N  the  shore  of  the  Columbia  river 
^■^  in  Oregon,  stands  a  rock  which  is 
called  "The  Cabbage"  because  it 
is  shaped  like  a  head  of  that  succulent 
vegetable.  It  also  bears  a  striking  re- 
semblance to  a  certain  type  of  human 
cranium — I  e.,  external  resemblance  of 
course.  The  cabbage  was  once  a  part  of 
a  hill,  which  has  crumbled  away  until 
its  edge  has  assumed  the  form  shown  in 


"The  Cabbage." 
Peculiar  rock  formation  in  Oregon. 

the  picture.  The  size  of  the  rock-mass 
can  be  estimated  by  comparing  it  with 
the  boy  standing  below  the  base,  but  the 
pedestal  on  which  the  cabbage  stands  is 
actually  no  larger  in  diameter  than  his 
head. 

Hew    Hollow    Concrete 


THOUGH  there  are  about  thirty  dif- 
ferent kinds  of  concrete  blocks  for 
building  purposes  on  the  market,  a  new 
one  has  been  invented  that  bids  fair  to 
come  to  the  front  as  a  suitable  material 
for  houses,  churches,  and  all  sorts  of 
structures.  The  unique  feature  of  this 
block  is  that  it  contains  staggered  air- 
spaces which  make  the  wall  proof  against 
fire  and  dampness.  The  single  air-space 
blocks  are  comparatively    common,    but 


Opera  House  at  Ames,  Iowa,  Built  of  Hollow 
Concrete  Blocks. 

with  a  continuous  system  the  wall  cannot 
be  pierced  without  striking  an  air  space, 
for  each  block  is  formed  with  two  longi- 
tudinal rows  of  apertures,  oblong  in  hor- 
izontal section,  extending  vertically 
through  the  block.  The  apertures  of  one 
row  are  located  opposite  the  necks  of  the 
other  row.  Aside  from  the  fact  that  the 
system  makes  a  twelve-inch  block  with 
the  same  material  that  is  required  for  a 
ten-inch  with  single-row  air-space,  no 
lathing  or  furring  is  necessary,  and 
plaster  can  be  applied  directly  to  the  back 
of  the  wall.  When  finished,  the  wall  has 
the  appearance  of  cut  stone,  the  air- 
spaces register  perfectly,  and  there  are 
continuous  air  chambers  from  bottom  to 
top  of  wall.  By  using  a  clear,  sharp  sand 
of  the  right  proportions,  three  men  can 
produce  120  blocks  a  day,  which  will  be 


Hollow  Concrete  Block. 

dry  enough  to  be  handled  in  48  hours. 
It  is  claimed  for  this  type  of  block  that  it 
assures  a  warm  house  in  winter  and 
cool  in  summer.  The  cost  is  30  to  40  per 
cent  less  than  stone  or  brick. — K.  L. 
Smith. 
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V.l.li.--  ___________ 

..  m«ntton«d  In  t-li 
i  name  and  -ddna_  In  thi 
and  mail  to 
i :  ,, ,  |,   <  i ,  ,  k  Sanitarian)  <  >>■  '  <<l-. 
i», .,.1.  it  141,  Battle  «  reek, 

t'^Ei_Ljnnr 

II  \w  could  convince 

you  in  this  id,  ol  tin-  value  to  ^  OU  of  our 

Free  new  book.  '  Tl  IE  BATTLE  CREEK 

\."  you  would  be  glad  to  pay  $  1  0  for  it. 

use  it  abowa  joa  how  to  b<> 
-ir.Mt:  without  taking  drug*  or  medicine*. 
Ail  it  o>st*  you.  however,  ■-  Ute  prloe  >>i  ■  Htiimp— 

II  abeolutelj 
if  the  attainment  or  retention  >>f  your  own  good 
health    and  the  ^"xl  heal th  ot  thoae  dear  to  you— la 
w,,rth  d  us  one  to-day  (or  uae —bore  ooupon) 

nu>l  we  will  forward  t h.«  i>...>k  promptly. 

'i     .  do  ool  obligate  yourself  in  any  way  by  answer- 
log  t>;  -  ..  meot.    _ou  are  neither  required  to 
>  thing  uor  to  promise  anything.    All  we  ask  is 
.  will  ron<l  th<-  !>.>'>k  carefully. 
It    t«-lls    how    you    cm    live.  In    your   own   home, 
I  disturbing  yonr  dally  routine  In  any  way.a  sane, 
healthful  life— tin-  life  that  h.i-  restored  thousands  to 
a  the  famous  Battle  Creek  Sanitarium. 

w  recognized  that  niue-teuths  of  all  diseases 
Improper  diet. 
you  •  •  i  yon  eat  hiaith.    It  is  all  in  the 

ol  foods.    ••The  Battle  Creek  Idea"  will  tell  you 
how  to  choose  right,  so  ust.i  get  and  keep  good  health. 

If  th"   health  is  worth  having,  the  book  is  worth 
Bsking  for  to-day. 

Address,  The  Battle  Creek  Sanitarian-  Co.,  Ltd - 
Dept,  Bl-1,  Battle  Creek  Mich. 


Learn  Carpentry 

Learn  to  do  your  own  carpentry  work  around  home — 
there's  pleasure  and  profit  in  it— meanwhile  you  are  learn- 
ing a  trade  in  which  there  is  always  a  demand  for  skilled 
workers.  Send  this  advertisement  to  us  to-day  and  receive 
our  200-page  handbook  (FREE)  describing  our  CARPEN- 
TERS' COURSE  and  over  60  others  including  Contractors' 
and  Builders,  Heating,  Ventilation  and  Plumbing,  Archi- 
tecture, Architectural  Drafting,  etc.     Write  NOW. 

AMERICAN   SCHOOL   OF   CORRESPONDENCE 
CHICAGO,  ILL. 

_Va  mc  ■  .    

Address 

City  and  State 

T.  W.  5-06 


HAVE  YOU  WORN  THEM? 

Not  "celluloid"— not;  "paper  collars,"  but  made  of 
fine  cloth,  exactly  resemble  fashionable  linen  goods. 
Price  at  stores,  25  cents  for  box  of  ten  (2'2  cents  each). 

NO    WASHING    OR     IRONING 

When  soiled,  discard.     By  mail,  10  collars  or  5 
oairs  of  cuffs,  for  30c.     Sample  collator  pair  of 
cuffs  for  6c.  In  U.  S.  stamps.   Give  size  and  style. 
REVERSIBLE  COLLAR  CO..  Dept.  W..  BOSTON,  MASS. 


f**      11  If  you  desire  to  fit  yourself  for  en- 

(,Oll6_f£  trance  to  resident  engineering  col- 
^■^ ,J F**x"'_>  **  leges  fill  out  and  send  this  advertise- 
w— |  _  in  en  t   to  us   to-day    and 

r  Yf*T%fl  YS\  lOI"V  receive  our  200  page 
1  ICpaiaiUljr  handbook  (FREE)  de- 
f**  scribing  our  College  Preparatory  and 

^-OUlTSG  over  60  other  engineering  courses. 
^■/v' *■**  «J  _»  -phis  course  offers  an  excellent  oppor- 
tunity for  ambitious  students  to  prepare  for  college  with- 
out leaving  home  or  losing  a  day's  work.    Write  NOW. 

AMERICAN   SCHOOL  OF  CORRESPONDENCE 
CHICAGO,  ILL. 

Name 

Address 

City  and  State-   .- XW.'im 


The  Crescent  Angle  Band  Saw 

Cuts  any  angle  up  to  45  degrees  with 
TABLE     ALWAYS      LEVEL 

To  change  angle  of  saw,  turn  wheel  at 
side  of  table— that's  all  ;  no  other  adjust- 
ments necessary. 

Blade  can  be  tilted  while  in  motion. 

An  Ideal  Machine  for 
All   Kinds  of  WorK 

Price  so  low  it  will  surprise  you.     Write 
for  circulars. 

BAND  SAWS,  SAW  TABLES,  JOINTERS 
The  Crescent  Machine  Co.  No.  127  Main  Street,  Leetonia,  Ohio 
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Williams'  SK8 


Having  wet  the  face  with  the  brush,  rub  the  end  of  the  stick  gently  over  the  face.  Then  with  the  brush  work 
up  the  big,  thick,  cream-like  lather  on  your  face  and  the  operation  of  moistening  the  beard  and  preparing  the 
razor  commences  at  once. 

You  may  not  discover  it  first  off,  but  sooner  or  later  any 
soap  that  is  impure  or  improperly  compounded  is  sure  to  get 
in  its  work  and  your  face  pays  the  penalty.  The  man  who 
has  found  this  out  by  experience,  doesn't  need  to  be  urged 
to  insist  on  the  pure,  mild,  antiseptic  Williams'  Shaving  Soap. 


Williams'  Shaving  Sticks  and 
Shaving  Cakes  sold  everywhere. 
Send  4  cents  in  stamps  for  Wil- 
liams' Shaving  Stick  or  a  cake 
of  Williams'  Luxury  Shaving 
Soap,  trial  size.  (Enough  for 
50  shaves.) 


The  J.  B.  Williams  Company 

DEPT.   A 
GLASTONBURY,  CONN. 


LONDON       PARIS       BERLIN       SYDNEY 


Ask  your  wife  to  try  Williams ' 
Jersey  Cream  Toilet  Soap.  It 
makes  it  possible  for  her  to  enjoy 
the  same  comfort  and  satisfac- 
tion that  Williams'  Shaving 
Soaps  have  given  you  for  so 
many  years. 
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THE  FREE  RADIUMITE.  RAZOF 
AND  DOLLAR  STROP 


STOP  THE  BUTCHERY! 


MEN    OF    AMERICA 

King  Radiumite  Sends  You  Pardon 

I  lit.w  «w.iv  \.>ur  '•aJetMt'  And  other  unnatural,  amateurish,  scraping,  smarting,  ripping, 
inhuman  .haviriu  tkvioH  Mmvr  mi  llir  natural  w.iv  with  a  standard  razor.  kepi  alwayr 
Sup    Itur  and  kern  on  a  Radiuimtr  Sliop.   the  strop  that  hones. 

WE  ARE  GIVING  AWAY 

through  the  dealers  and  jobbers  of  the  country 

5,000,000  FAMOUS 
RADIUMITE  RAZORS 

to  e ach  purchaser  of  (hr  Dollar  Radiumite  Strop.  Look  for  the  Radiumite  Free  Razor  Stand  in 
the  show-windows  and  stores  of  all  up-to-date  drug  and  hardware  dealers.  Last  year  we  gave 
■way  500,000  of  these  Radiumite  Razors  to  purchasers  of  the  dollar  strop.  These  razors  are 
fine,  hollow-ground,  hand-forged,  highly  polished  and  finished  articles,  that  will  stand  up  and 
thvan  hold  a  fine  edge,  and  we  have  thousands  of  testimonials  on  file  as  to  the  great  satisfaction 
they  have  given.  With  the  Radiumite  Dollar  Strop  you  can  put  all  your  old  razors  and  those 
of  your  friends  into  perfectly  keen,  delighth '.  shaving  condition,  without  taking  them  to  a  barber 
to  have  them  honed.  The  Radiumite  Strop  in  action  is  more  wonderful  than  the  great  and 
unprecedented  free  razor  offer  we  are  making.  It  has  the  marvelous  Radiumite  Diamond 
Honing  Pattern,  which  has  baffled  experts,  who  have  tried  to  ascertain  the  secret  of  its  powers. 
If  your  dealer  cannot  supply  you.  send  One  Dollar,  and  Ten  Cents  to  cover  postage  and 
packing  to  us,  and  we'll  send  the  strop  with  the  fine  razor  free,  provided  you  cut  out  this  ad  and 
encloseit  with  your  remittance.  (Personal  checks  not  accepted).  Your  money  backif  not  satisfied. 
Radiumite  Strop  and  Razor  Sets  de  Lux,  $2.50— regular  price  $4.00.  Kadiumite 
de  Lux  Razor  or  Strop  separate  $2.00  each.  Postage  and  packing  15*  extra,  for  tale 
at  drug  and  hardware  dealers,  etc.  xrr  ■  i.     A 

■DT)    A  /",T7T>  Q  Our  new  product.     Successors  to  the  suspender.      Weight,  4  oz. 

DlN./V^-'I-irvO  Keep  the  shoulders  straight,  the  chest  out,  the  form  erect  and  give 

a   manly   attractive   bearing.     Greatest  comfort.      Prices   50*.   »1.00.   »1.50   postpaid,   or 
at  most  dealers.     Give  chest  measure. 

THE  RADIUMITE  COMPANY. 
Dept.    158.     97.  99.  101  S.  CLINTON  STREET.       -        -       CHICAGO 


FANCY  VESTS 


Made  to  Order 
Regular  $5  Vests,  $0    95 

Send  4c.  for  nample  book  of  fancy 
— a  complete  line  of  fabrics  — 
■*i,  silk  or  French  Flannel,  also 
w&sbable  Pique,  Duck  or  Madras  — 
Value,  $2.50  our  price  $1.75.  Figure, 
stripe  or  ^iaid  ..hire  or  colored.  The 
most  popul^i-  trsrmtrjt  this  Spring  will 
be  the  fancy  ■.est.  You  should  have  one 
tobeug   I  -day  for  meas- 

uring chart  at'd  instructions,  together 
with  sample  book. 

Maker  to  Wearer 
C.  W.  SHEWRY  &  CO. 

4769  N.  Clark  St.,  Chicago,  111. 


"Wouldn't  lake  $100  ior  if." 

Had  Varicose  Veins.    Took  medicine  for  rears  vi  1th- 

i.ut  ri'iit-f.   Km""  iiiiout  K la stic Stockings, but thought 

lie  would  not  like  to  wear  one.     When  all  else  failed, 

sent  his  measure  for  one  of  our  Seamless  Heel 


Elastic 
Stockings. 


Now  says  he  hasn't  known  such 

Comfort  in  years,  and  wouldn't 
take  $100  for  it  if  he  couldn't 

j,'ct  mini  her. 

NAME    AND    ADDRESS    GIVEN    IF    DESIRED. 

Pot  Leg  Swelling,  Weak 
Knees,  Swollen  Joints,  Ul- 
cers, etc.,  they  furnish  quick 

relief   and   often    perma- 
nently   cure.       Made    to 

measure  from  new  elastic  and  shipped  direct  from 

the  1. nuns  at  manufacturer's  prices. 

Catalogue,$i  li-m.  asurtngdur rtm,i.<  ami  )>r>res  sent  free. 
CURTIS  &  SPINDELL  CO.,  80  Market  Street,  LYNN,  MASS. 


WHY   pay   more   for  your   Smokes   when   you   can   get 
HAVANA  TOBIES,  hand  made,  long  filler, 

direct  from  the  makers  that  are  guaranteed  to  give  satisfaction 
or  your  money  refunded  ?  Sample  box  of  50,  prepaid, 
$1.00.      State  shade  desired— light,  dark  or  medium. 

CHARLES  RUGG  &  SON,       ::       Blairsville,  Pa. 


$2  per  100 

Charges 

Prepaid. 


EXACT   SIZE  AND  SHAPE 


Mention  Technical  U'orld  Magazine 


ADVERTISEMENTS 


AWHEEL  OF  PROGRESS 


EVERY  PROGRESSIVE  GENTLEMAN  SHOULD  KNOW 

"THE  GILLETTE"  will  give  him  a  shave  as  close,  as  clean  and  as  satis* 
factory  as  his  barber  can. 

SHAVE  YOURSELF  AND  SAVE  TIME,  MONEY  AND  WORRY. 
"THE  GILLETTL"  Blade  is  of  fine,  flexible  wafer  steel  that  shaves. 

12  BLADES;  24  KEEN    EDGES. 

20  to  40  quick  and  comfortable  shaves  from  each  blade. 

Triple  silver-plated  set  with  12  blades ^in'nn 

Quadruple  gold-plated  set  with  12  blades  i«>"XX 

Quadruple  gold-plated  set  with  12  blades  and  monogram         ....         .         ^-"X 

Standard  combination  set  with  shaving  brush  and  soap  in  triple  silver-plated  holders     7.50 
Other  combination  sets  in  silver  and  gold,  up  to        .         .         .  .        .         .        5"'00 

Standard  packages  of  10  blades,  having  20  sharp  edges,  for  sale  by  all  dealers  at  the 

uniform  price  of  50  cents.     No  blades  exchanged  or  resharpened. 
Sold  by  Leading  Drug,  Cutlery  and  Hardware  Dealers. 

ASK  TO  SEE  THEM  AND  FOR  0IR  BOOKLET.  WRITE  FOR  OIR  SPECIAL  TRIAL  OFFER. 

GILLETTE  SALES  COMPANY,  Times  Bldg.,  New  YorK  City 


NO  stropping.no  honing 
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Many  Trips 
to  the  Laundry? 

Mark  your  collars  and  see. 
These  collars  outwear  others  because  they  are 
better  made. 

They  are  fitted  together  by  hand,  stitched 
wrong  side  out,  turned  and  expertly  shaped  by 
hand,  then  stitched  again.  This  gives  them 
more  style  and  much  greater  strength  than  the 
ordinary  machine  process  collar.  Then,  so  they 
will  fold  more  times  without  breaking,  the  inside 
materials  are  cut  away  at  the  corners  where 
fold  collars  break  first. 

Corliss-Coon 


Collars 


are  2 
for  25c. 


"Varsity"  shown  above   has  easy,  graceful 
lines  that  suggest  both  style  and  comfort.    There 
is  plenty  of  tie  space  for  any  style  of  cravat. 
Ask  your  furnisher  to  show   you   Corliss-Coon 
Collars.   If  he  hasn't  them,  write  for  our  book  of  new 
and  leading  styles.     If  your  dealer  does  not  willingly 
send  for  any  style  you  like,  we  will  supply  you  direct 
from  our  factory,  by  mail,  on  receipt  of  the  price  — 
-5c  —  SI. 50  per  dozen.      Write  for  the  style 
book  to-day —  or  send  25c  for  2  "  Varsity"  collars 
and  enjoy  low  collar  comfort  without  sacrificing  style. 
Regular  sizes  12  to  1954 — quarter  sizes  above  lilA. 

Corliss,  Coon  &  Co.  D£pt-  Troy,  N. 


Take  Your  Pants  Off 

We  will  make  you  a  new  $5.00  Pair  FREE 

And  Give  You  Besides  a  Fancy  Vest  and  Suit  Case  with 
your  first  order  for  Suit. 

Hare  yonr  next  salt  mmio 

by  Hi.-  belt  lullnrH  In  tlio 
i  nlted  States.    NV«-  are. 

\\  a  make  t"  order  from 
strictly  all-wool  fashionable 
clol  ba  on)  and  tailored  In  I  be 
latest  style  and  finished 
Equal  to  t  li «■  Very  it«-Mt 

Mils  for  only  •10.00. 

1 1  ii  mil  made  by  us  Ih  not 
exactly  uk  claimed  or  If  you 
11  ml  n  single  thread  of  cotton 
In  the  clol  ii  from  which  we 
makeonrtlO  Suite  you  may 
keep  tbe  Bolt  and  we  win 
ki  \ e  yon 
YOUR  MONEY  BACK 

we  h:i\ e  i'ii-i '>'ii era  I n 
every  state  of  t  be  onion  now 
wearing  our  $10  Suits,  why 
not  you? 

Remember, 

an  extra  piilr  of  fine  wornted 
ny. Mi  $>5.oo  pants, also  a 
fancy-dress  vest,  and  a  pat- 
ent  suit  case    all   1  1CI.I. 

CDFC     {/     li\      Ji'lM         witheverj  suit. 

I  fCiaC  a/    ^Ji^Lmi^sLiili'  ^Ve  dre88  >'"u  ,n  style  for 

everyday  and  all  occasions, 
all  for  only  »io.  u  rite  for 
latest  free  samples,  fasu- 

)  m  plate,  tape  and  measurement  blanks.    Address, 

THE  FIFTH  AVENUE  TAILORS, 

373  Kesner  Building,  Chicago,  Illinois. 

Reference:  Royal  Trust  Bank.    Capital  and  surplus,  $900,000. 

Suits  $12.50 

Made     to     Your     Order 

$6  Trousers  Free 

Perfect  Fit  Guaranteed 

$100  FORFEIT  will  be  paid  to  anyone -who 
can  prove  that  vie  do  not  cut,  trim  and  make 
every  suit  and  extra  trousers  strictly  to  order 

We  will  send  you  free  of  charge  hand- 
some assortment  his?h-grade  all-wool 
cloth  samples  of  the  very- 
latest  fabrics,  together 
with  new  Spring  Fashion 
Plates,  and  will  make  for 
you  strictly  to  your  order, 
a  suit  for  $12.50,  $15,  $18, 
or  $20,  and  give  you  an 
extra  pair  of  $6  all-wool 
Trousers  absolutely  free. 

Money  Refunded  if 
not  Satisfactory 

If  you  want  the  satis- 
faction  of    having    your 
new    suit   cut,    trimmed 
and  tailored  to  your  order, 
and  to  fit  you  perfectly; 
if  you  wish  to  save  $10  to 
$15  in    cash;  and   if  you 
will  accept  a  pair   of   $6    Trousers 
made  to  your  measure,  as  a  present, 
write  today  for  our  Samples,  Fashion 
Plates,  Tape  measure,  Order  Blanks, 
asking  for  special  Free  Trouser  Sam- 
ples,    which    will    be    sent    you    by 
return  mail,  postpaid. 

Owen  T.Moses  %  Co. 241  Moses  Bldg.  Chicago 

RofereDcen:  Our  l.cOO.O'O  satisfied  customers  or  the  Milwaukee 
Avenue   State  Bank,  Chicago.      Capital  Stock,  1860,000. 


^ 


Mention  Technical  World  Magazine 


ADVERTISEMENTS 


335 


BUILD  WARM   HOUSES 

That  is  the  only  way  to  cheat  the  devouring  demon  in  your 
cellar  who  burns  your  money  and  poisons  you  with  gas. 

Cabot's  Sheathing  "Quilt" 

will  make  the  house  wind  and  frost  proof,  and  save  its 
cost  in  coal  in  one  winter.  The  heater  will  start  later, 
stop  earlier,  and  run  at  low  pressure — and  so  will  the 
doctor's  bill.  A  warm,  cozy  house  is  a  rich  investment ; 
a  cold,  bleak  one  a  waste.  Send  for  sample  of  Quilt 
and  catalogue. 

SAMUEL  CABOT,   Sole   Manufacturer 

155  Milk  Kilby  Street.  Boston,  Mass. 

Agents  at  all  Central  Points. 


IGENT, 

H  log  showing  all 

■  DO  NOT  BUY, 


IS  ALL  IT  COSTS 

to  write  postal  for  our  big 

Free    Bicycle    cata- 
log showing  all  models  at  lowest  prices. 


I  tires  until  you  learn 
|  our  marvelous  new  offers.  We  ship  on  ap- 

Firoval  without  a  cent  deposit,  prepay 
reight,  allow  10  Days  Free  Trial— 

|  Alt  our  new  and  wonderful  propositions  with 
I  catalogues  and  much  valuable  information 
I  sent  you  FREE  for  the  asking.  Z3 

WE  WILL  CONVINCE  you  that  we 
Tsell  a  better  bicycle  for  less  money  than  any 

other  house.     Buy  direct  from  the  factory.    If 

you  want  to  Make  Money  or  Earn  a 
Bicycle  write  for  our  Special  Offer. 
TIKES,  Coaster-Brakes,  built-up-wheels  and 
til  sundries  at  half  usual  prices.    Do  Not  Wait,  but  write 
us  a  postal  today  and  learn  everything.  Write  it  now. 
MEAD  CYCLE  CO.  Dept.  C- 187  Chicago,  111. 

BEFORE  YOU  INVEST 

A  dollar  in  anything  get  my  book  "How  to  judge  Investments." 
It  tells  you  all  about  everything  you  should  know  before  making 
any  kind  of  an  investment,  either  for  a  large  or  small  amount. 
This  book  gives  the  soundest  advice  and  may  save  you  many 
dollars.  Send  two-cent  stamp  for  a  copy.  Do  it  now. 
f  Send  your  name  and  address  and  get  the  Investors'  Review  for 

3  MONTHS   FREE 

TlThis  will  keep  you   reliably  posted   on  various   kinds  of 

investments.    Address 

Editor  Investors'  Review,  1580  Gaff  Bldg.,  Chicago,  111. 


\>S|B&RKEEPERS  FRIEND 

METAL  POLISH 


USED  AND  ENDORSED  BYTHE  LEADING  DRU6GISR 
&SDLD  ALL  OVER  THE  WORLDS 


Clipper  Lawn  Mower  Co, 

DIXON.    ILL. 


Manufacturers  of      1 

.        No.  1   12  in.  Mower 

$5.00 

HAND  AND  PONY    I 

1       No.  2  15    " 

6.00 

MOWERS.  Also  MAR-    1 

1  '  lo.3  18    M 

7.00 

IKE  GASOLINE  EN-    1 

4     No.  4  21    " 

8.00 

GINES,  2  to  8  fl.  P     1 

|    Poiy  24    M 

1800 

A, 


THE    MOWER 

That  will  kill  all  the  weeds  in  your  lawns.    If 

you  keep  the  weeds  cut  so  they  do  not  go  to  seed,  and 
cut  your  grass  without  breaking  the  small  feeders  of 
roots,  the  grass  will  become  thick  and  the  weeds  will 
disappear.    The  CLIPPER  will  do  it. 
Please  send  Draft  or  Money  Order  or  Registered  Letter 


r  l 

OKI 

CFor  every  purpose  about  the  home.    Makes  reading, 
studying,  sewing,  etc.,  easy.    Saves  eyesight*  and  costs 
but  2  CENTS  PER  "WEEK  to  maintain.  Brighter 
than  electricity   or  acetylene  — cheaper  than  kerosene. 
C.NO  DIRT.  SMOKE,  GREASE  or  ODOR. 
MAKES  AND   BURNS  ITS  OWN  GAS. 
C  Ask  for  complete  FREE  CATALOG,  showing 
OVER.  lOO  STYLES.    Every  lamp  warranted. 
Agents  Wanted  Everywhere. 
THE  BEST  LIGHT  CO.,  301  E.  5th  Street,  Canton,  0. 

OWNERS   ORIGINAL   PATENTS. 
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ARNICA 

Tooth  Soap 

Is  antiseptic; 

preserves 

while  it 

beautifies. 

Xo  spilling  or 

wasting;  convenient 

and  economical. 

25  Cents 
Ai  all  Druggists 

STRONG'S 

Arnica  Jelly 

(Carbolated) 


Keeps  the  skin 
free  from  rough- 
ness and  pimples.  Nothing  better 
for  sunburn  or  chapping;  also  for 
cuts,  bruises,  burns  and  all  erup- 
tions. Keeps  the  skin  soft,  smooth 
and  delicate.  The  collapsable  metal 
tube  is  convenient  and  unbreakable. 

Take  it  with  you  wherever  you  go. 
If  your  druggist  hasn't  it—Sendto  us. 

Sent  postpaid  on  receipt  of  25  cents. 

C  H.  STRONG  &.  CO. 
CHICAGO 


SPACE'S  GLUE 


Has  been  the  STANDARD  for  ADHESIVES 
=for  25  Years= 


Alwayt  n   ■'    foi  a  •  .  Il    great  adhesive- 
mblned  with  Its  kei  ping  qualities 

m. ill  .  In, mi, 

invaluable  in  household  use  foi  Furni- 
ture « .'iin.i.  [Torjr,  Hooks,  Leather, 
and  whi  reverai  troi  i,    in  ,i. 

1  '"■  old  style 

■  ngth(<  uii.  ..a 
t-  hard  pine 
liiiii. .!,  I.  p  tered  i( 
before  parting),      i    .  .1 
the    I',   i     in,-,  ii.ii 

ii  tun  1 1  everywhere 


Nearly  3  Million  Bottles 

sold  yearly,  besides  the  ca 
and  bulk  Clue  for  Mechanic 
and  Manufacturers'  use. 

I  ithei  the  one  onni  e  Bottle  of    Paten 
Collapsible  I  abe      als  witha  I'm),  retailii 
o  cts.,  mailed  tor  ia  <-;..,  if  your  deal 
Specify  which. 


LEPAGE'S  PHOTO  PASTE 

2  oz.  size  retails  5  CtS.J   by  mail, 10  cts. 

IMAGE'S  MUCILAGE  f 

2  oz.  size  retails  5  cts.;  by  mail, 10  cts. 
are  like  the  Glue,  unequalled,  the  best 
of  their  kind  in  the  world,  and  are  put 
up  in  convenient  and  attractive  pkgs. 


RUSSIACEMENTCO. 

206  Essex  Street    .    .    .    Gloucester,  Mass. 


LIQUID  COURT  PLASTER 

immediately  dries,  forming-  a  tough,  transparent,  waterproof 
coating:  'New-Skin"  heals  Cuts,  Abrasions,  Hang-Nails, 
Chapped  and  Split  Lips  or  Fingers,  Burns.  Blisters,  etc.  In- 
stantly relieves  Chilblains.  Frosted  Ears,  Stings  of  Insects, 
Chafed  or  Blistered  Feet,  Callous  Spots,  etc.,  etc. 

A  coating  on  the  sensitive  parts  will  protect  the  feet  from  being 
Sv^d  or  bllstered  by  new  or  heavy  shoes.  MECHANICS 
SPORTSMEN,  BICYCLISTS.  GOLFERS,  in  fact  all  of  us,  are' 
liable  to  bruise,  scratch  or  scrape  our  skin.  "NEW-SKIN"  will 
heal  these  injuries,  will  not  wash  off,  and  after  it  is  applied  the 
injury  is  forgotten  as  "NEW-SKIN"  makes  a  temporary  new 
skin  until  the  broken  skin  is  healed  under  it.  "Paint  it  with 
New-Skin"  and  forget  it"  is  literally  true. 
CAUTION:  WE  GUARANTEE  our  claims  for  "NEW-SKIN".  No  one 
guarantees  substitute  s  or  imitations  trading-  on  our  reputation,  and 
tue  guarantee  of  an  imitator  would  be  worthless  any  way. 

ALWAYS    INSIST  ON    GETTING    ••NEW-SKIN". 
bample  size,  10c.    Family  size  (like  illustration  >,  85c    Two  ounce 
.„,  _„_       bottles    for  surgeonsand  hospitals),  50c. 
ATTHK  nitl(;(;isrs.  ,„■  we  will  mail  a  package  anywhere  in  the 
I  nited  States  on  receipt  of  pri.  e. 

UOUglaS  IYIT{j.  UP.     96-102  Church  Street,  New  York. 
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A  PRACTICAL  INVENTION 
That  Develops  Haii  Growth 


We  have  always  maintained 
that  if  there  were  something 
that  would  really  induce  the 
hair  to  grow,  its  virtue  should 
tirst  be  satisfactorily  proved  in 
each  individual  case  before  any 
money  is  paid  to  the  manufact- 
urer. 

We  have  demonstrated  beyond  all  question  that  in  cases 
where  the  life-principle  is  not  destroyed  a  reasonable  use 
of  our  invention,  THE  EVANS  VACUUM  CAP,  will  develop 
a  natural  and  permanent  growth  of  hair,  and  we  show  our 
confidence  by  supplying  this  apparatus  on  a  sixty  days' 
trial,  and  wholly  at  our  risk. 

We  would  not  have  you  infer  from  this  that  a  complete 
restoration  of  the  hair  can  be  obtained  within  sixty  days, 
but  our  experience  shows  that  ample  benefits  usually  accrue 


within  this  time  to  fully  satisf,  e  as  to  the  efficiency  and 
practicability  of  this  method. 

It  is  simply  an  artificial  means  of  obtaining  a  free  and 
active  circulation  in  the  scalp,  without  rubbing  or  irritation, 
and  there  are  no  drugs  or  lotions  employed. 

The  Cap  is  used  three  or  four  minutes  each  day,  and  it 
only  requires  about  ten  days  to  get  the  scalp  loose  and  pliable, 
which  condition  is  absolutely  essential  to  the  life  and  growth  of 
the  hair.  The  hair  cannot  thrive  in  a  tight  and  congested  scalp. 

The  effects  produced  by  the  vacuum  are  pleasant  and 
exhilarating.  It  gives  the  scalp  a  healthy  glow  and  produces 
a  delightful  tingling  sensation,  which  denotes  the  presence 
of  new  life  in  the  scalp,  am  which  cannot  be  obtained  by 
any  other  means.  Channels  which  have  been  practically 
dormant  for  years  are  opened,  and  all  follicle  life  is  stimu- 
lated and  revived  to  activity,  and  by  supplying  the  hair  roots 
with  nutrition  each  day,  in  this  way  the  weak,  colorless 
hair   is  in  time   developed  to  its   natural  size   and  strength. 


OUR     GUARANTEE: 

We  will  send  you  an  EVANS  VACUUM  CAP  by  prepaid  express,  and  will  allow  you  sixty  days 
to  prove  its  virtue.  As  evidence  of  your  good  faith  we  simply  ask  that  you  deposit  the  price  of  the  Cap 
with  the  Jefferson  Bank,  St.  Louis,  where  it  will  remain  during  the  trial  period,  pending  the  results 
of  your  experiment.  This  deposit  is  made  subject  to  your  own  order,  and,  theiefore,  should  you 
not  be  satisfied  with  the  benefits  derived  y6u  can  of  course  instruct  the  Bank  to  return  your  money, 
which  they  will  do  promptly,  and  without  question  or  comment,  fl  Let  us  send  you  our  book  which 
describes  and  illustrates  this  appliance.  Even  if  you  are  not  in  need  of  it,  we  know  you  will  be 
interested  in    the   invention,  and  what    it    has    accomplished.     The    book    is   sent   free   on    request. 

THE  EVANS  VACUUM  CAP  CO.,     537  Fullerton  Building,     ST.  LOUIS,  U.  S.  A. 


A  POCKET  TOOL  CHEST 

9  Tools  in  One 

Devine  Wonder  Knife 

Invaluable  to  mechanics,  electricians, 
or  for  any  tinkering  around  the  house. 
Has  a  hundred  uses.  Strong  and  dur- 
able. Built  as  substantially  as  a  loco- 
motive.   Weight  same  as  ordinary 
three-blade  pocket  knife.    Blade,  85  carbon 
cutler's  steel.    Other  strong  tools  as  follows: 

LEATHER  PUNCH  SWEDGING  AWL 

WIRE  CUTTER  WIRE  PUERS 

ALLIGATOR  WRENCH     IK  )'  >E  H(  ><  >K 

SCREW  DRIVER  SCREW  BIT 

AGENTS  WANTED.    Sells  on  sight.    Remit  price  for  sample. 

Money  back  if  not  satisfied.    Price,  $1.25  each,  prepaid. 

DEVINE  SPECIALTY  CO.,  Indianapolis,  Ind. 
64  Baldwin  Block  Reference,  Columbia, Nat. Bank 

■"  i 


VENTRILOQUISM 

Learned  by  any  Man  or  Boy  at  Home.     Small  Cost. 

Send  to-day  2  cent  stamp  for  particulars  and  proof. 

0.  A.  SMITH,  Box  R,  2040  Knoxville  Ave.,  Peoria.  111. 


No.  602  "NAPANOCH" 
PocKet  Knife  Tool  Kit 

Most  Useful.  Warranted.  Made  in  America 

With  more  or  less  frequency  almost 
every  one  has  use  for  a  Knife,  Keamer. 
Bile,  Nun,  Chisel  '.r  Screw  Driver,  and  this 
outfit  is  practical,  yet  so  small,  being 
contained  in  a  leather  Pocket  Hook  4'4 
x3X  inches,  that  the  owner,  by  curry- 
ing it  in  his  pocket,  always  has  it  at 
hand  for  Immediate  use,  whether  Camp- 
iiiL-,  ItoiiiiiiL-,  Teaming,  DrMng,  in  the 
Shop,  Factory,  Ofllre,  Store,  Warehouse, 
Automobile,  on  the  Farm,  Itlcjcle,  or 
around  the  Home. 

Any  Tool  firmly  attached  or  detached 
to  the  Pocket  Knife  In  a  second. 
Sent  postpaid  on  receipt  of  price- 
Use  it  five  days  and  If  not  satisfactory  re- 
turn it  and  I  will  refund  your  money. 

V.  J.  ULERY 

No.  E  7  Warren  St.,         New  York,  I.  Y. 


NEVER-LOSE    KEY    TAG 

Here's  something  now  1  No  more  need 
to  offer  rewards  for  lost  keys  '  eour 
Tag.  Consists  of  two  parts  hinged  to- 
gether. Name,  address,  and  postage 
inside.  Finder  simply  drops  in  nearest 
mail  box.  German  silver,  handsomely 
^-  made.    25c.  postpaid.    Agents  wanted 

C.  E.  LOCKE  MFC.  CO.,  32  Spruce  St.,  Kensett,  la. 


STAR  HACK  SAWS 


MILLERS  FALLS  COMPANY 


Everyone  who  sells  or  uses  Hack  Saw3 
should  know  that  the  Star  Blades  which  we 
are  now  turning  out  are  VA  times  stronger 
or  tougher  than  those  made  early  in  1905. 
This  is  no  guesswork  statement,  but  has 
been  proved  by  test  time  and  time  again. 
Jot  the  fact  down  on  your  mind  or  in  your 
memory  book. 

No.  28  Warren  St.,  New  YorK 
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THE   TECHNICAL   li\>Kl  P   MAGAZINE 


Cyclopedia 

of  Drawing 


A  new  enlarged  edition,  constituting  a  complete  en- 
cyclopedia   of    information    on    Drawing,    lias    just 
;su<  d  for  the  Library,   the  shop,  drafting  room; 
I udent  and  all  others  interested  in  this  fasci- 
nating  subject. 

The  set  is  published  in  two  handsome  volumes,  bound  in  '..'  red 
morocco.     It  contains  over  1200  pages  (8x10  inches),  completely 
indexed  and  beautifully  illustrated  with  1500  illustrations, line  draw- 
h.ilf  tone  engravings,  full  page  plates,   tables,   etc. 


Both  volumes  sent 


FREE 


for  examination 


No  more  comprehensive  treatise  on  drawing  has  ever  been  pub- 
lished than  this  new  enlarged  edition  of  the  Cyclopedia.  Twenty- 
five  dollars  would  not  buy  separate  volumes  covering  the  subjects. 
The  chief  object  in  offering  the  books  at  a  reduced  price  is  to  show 
the  character  of  our  instruction  in  drawing  and  to  interest  the  public  in  the  work  of  our  school. 


Size  8x10  inches 


Final  Withdrawal  Offer 

When  the  present  edition  is  exhausted  no  more  sets  of  the  two  volume 
Cyclopedia  of  Drawing  will  be  printed.  This  is  your  last  chance  to 
secure  this  excellent  set  of  books  at  the  following  low  price. 

BOTH  VOLUMES  sent  free  on  approval  (express  prepaid).    Keep  them  five  days.    If  satis- 
factory send  $1.00  and  $1.00  per  month  for  six  months  thereafter.    Otherwise  notify  us 
and  we  will  transfer  them  absolutely  free.     [Cash  with  order  $6.50.     Money  refunded 
if  not  satisfactory.] 


I 


LIST  OF  AUTHORS  AND  SUBJECTS 

Prof.  H.  E.  Everett,  University  of  Pennsylvania       ....     Freehand  Drawing 
Prof.  E.  Kenison,  Massachusetts  Institute  of  Technology  .       Mechanical  Drawing         f. 

Prof.  H.  W.  Gardner.  .        .    Shades  and  Shadows         «?* 

Prof.  D.  A.  GREGG.  Rendering  in  Pen  and  Ink  & 

Prof.  W.  H.  Lawrence,    '  Perspective  Drawing 


Frank  Chouteau  Brown.  Architect,  Boston        .        .    Architectural  Lettering 
H.  V.  VON  HoLST,  Architect,  Chicago      .        .      Rendering  in  Wash  and  Color, 

"  "  "*  **  Water  Color  hints  for  Draftsman 

Prof.  W.  H.  James.  Mass.  Inst,  of  Technology     .        .    Working  Drawings 
Prof.  C.  L  Griffin,  formerly  Pa.  State  College  .     Machine  Design 

Wm.  Neubecker,  N.Y.  Trade  School    .    Sheet  Metal  Pattern  Drafting 

Tinsmithing 
.        .    Practical  Problems  in  Mensuration  /      . y 
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Inexpensive  but   not   mean, 
Brief  but  not  hurried, 
Scholarly  but  not  technical, 
Restful  but  not  thoughtless, 
General  but  not  vulgar, 
Guided    but    not    enslaved. 


Copley 

Tours 

$350 

All  the  salient  features  of  University  Travel 

at  the  lowest  price  ever  arranged. 

Write  for  Xezu  Copley  Announcement. 

Bureau    of    University    Travel 

209  Clarendon  Street,         ::         ::         Boston 


FREE  MAP 

of  Europe  for  travelers  giving 
at  a  glance  the  best  itineraries 
and    most    desirable     means. 

Write  for  it. 
Bureau  of  University  Travel 

209  Clarendon  Street,       ::         Boston 


I  WILL  MAKE  YOU 

A  Prosperous 
/Business  Man 

If  you  are  honest  and  ambitions  write  me  today, 
no  matter  where  you  live  or  what  your  occupation, 
I  will  teach  you  the  REAL  ESTAT1  .  9ENEBAK  BROKER- 
AGE ami  1NS1  i;a\<K  IUS1.m;ss  thoroughly  by 
mail;  HO  business,  trade  or  profession  In  the 
world  today  offers  better  opportunities  to 
progressive  men  without  capital;    practical 
co-operation    has    opened  the    doors 
everywhere    to    profits   never    before 

drei id  of.  I  will  appoint  yon  special 

REPRESENTATIVE  of  the  largest  and 
strongest  co-operative  Realty  Com- 
pany in  the  world;  furnish  you  large, 
weekly  list  of  choice  salable  properties 
and  investments;  help  you  secure  cus- 
tom<  3;  afford  you  the  constant  advice 
and  co-operation  of  our  powerful  or- 
ganization with  over  1,500  assistants. 
1  have  had  lifelong  successful  exper- 
ience and  have  helped  hundreds  of  In- 
experienced men  to  immediate  and 
permanent  success  and  I  will  help  you. 

This  is  an  unusual  oppor- 
tunity for  men  without  capi- 
tal to  become  independent 
for  life. 

Cut  out  this  ad  and  send  for  my  free 
booklet,  proof  of  my  statements  and  full 
particulars.     Address  nearest  office. 

EDWIN  R.MARDEN.Pres't 

Nat'l  Co-Operative  Realty  Co. 
1381  ATHENAEUM  BLDG.,  CHICAGO 
1381  EVANS  BLDG.,  WASHINGTON,  D.  C. 


I  WANT  you  to  read  my  magazine,  "THE  MONEY  MAKER,"  and  so  become  acquainted 
with  my  method  of  doing  business.  ^  lama  broker  in  reliable  investment  securities  that 
offer  the  investor  a  good  conservative  profit  and  much  more  than  the  usual  amount  of 
safety.  <fl  My  monthly  investment  magazine,  "THE  MONEY  MAKER,"  tells  all  about  our 
business what  we  do  and  how  we  are  doing  it.  CJ  It  not  only  tells  about  the  various  invest- 
ments we  are  offering,  but  gives  a  great  deal  of  information  about  investments  and  money  mat- 
ters in  general.  CJ  If  you  are  interested  in  making  a  dollar  earn  a  dollar,  ask  me  for  «'THE 
MONEY  MAKER"  and  I  will  send  it  to  you  six  months  free.  Cfl  Your  name  on  a  postal  card 
will  do.    CJ  Write  to-day  and  address  me  simply 

W.M.OSTRANDER,President,775  North  American  Bldg.,  PHILADELPHIA 
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Perry  Time 
Stamp  Co. 


Perry  lie  Stamp 

PORTABLE 

SELF-INKING- AUTOMATIC 

RELIABLE-BURABLE 

The  only  practical,  portable, 
gelf-inkingautomatlc  time  stamp 
that  prints  direct  from  type  the 
exact  month,  day,  hour  and  min- 
ute on  any  surface  where  a  self- 
Inking  stamp  will  print.  Enthu- 
siastically endorsed  wherever 
used.  It  Is  simple,  durable  and 
accurate.  Guaranteed  for  one 
year— lasts  for  years. 

„   PAYS  FOR  ITSELF  IN 
ONE  MONTH 

in  Preventing  Delays 
and  Disputes 

For  recording  the  receipt  and 
delivery  of  correspondence,  or- 
ders, telegrams,  invoices,  mer- 
chandise and  for  factory  cost 
systems,  timing  employees,  it  is 
uh  equaled. 

Write  for  free  illustrated  de- 
scriptive booklet  "The  Business 
Man's  Time  Saver,"  edition  32, 
testimonials  from  firms  who 
have  used  our  stamp  for  several 
years,  and  Special  Ten  Day  Free 
Trial  Offer. 

JAN.  15th,  1906 
PM 


Branch  offices  in  all 
important  cities 


IS  he    Calctimcter 

£T  A  simple,  dm  ite  adding  machine  foi 

^1*  Architects  and   Engineers.    Automatically  a<l«ls 
16th   inches   into  inches,  inches  Into  feet,    I  ai 
add    12th   Inches  in t. >  inches,      Presents   many   new 
possibilities  for  economj  and  speed.     Let  1 1 1 » -  I 
meter  <l"  the  detail,  Bave  your    brain  tot   ori 
woi  k.    6  dial,  |20;  7  dial,  -  I 


Hi  sky   II.    DuPONT,  Indianapolis,  Ind. 

I>>  m-    Sir,    Having    purchased    and    tried    your 

tfodi  i  i  all  umetei   in  the  roul ine  ■■■■  n  I   i <t 

mj  . .in.  e,  I  can  honestly  Bay  thai  it  becomes  an  indis- 

e  in  mi  men)  in   the  office  of  any  ai  chitect, 

engineer,  iron  oi  wood-worker.     In  f  act,  whoevei   ha 

with   building,  will  find  its  absolutely  < 
additions  a  great  saving  of  mental  worry,  and   the 
always  possible  mistake  in  the  addition  of  long  columns 
of   figures,  which    may  cost   hundreds  of   thousands, 
is  eliminated. 

Its  small  cost  makes  possible  the  placing  of  this 
machine  on  the  desk  of  each  one  of  the  office  i 
Hknky   II.    DUFONT, 

Send  for    Catalog     11. 

HERBERT     NORTH     MORSE 

118  Green  Building, 


Trervton,  N.  J. 


-STAFFORD  DESKS 


price  $19.90  ££& 

18  In.  long,  32  in.  deep,  61  in. 
high.  White  oakj  finished 
golden.  Has  built-up  writing 
bed  andpanels,  moulded  stiles, 
framed  extension  slides.  Ail 
side  drawers  nave  movable 
partitions,  and  are  locked, in- 
cluding center  drawer  y  clos- 
ing curtain.  In  top,  four  oak- 
front  file  boxes ;one  letterfile ; 
two  card-index  drawers;  pri- 
vate compartment  with  door 
and  lock;  blotter  racks,  pen 
racks,  small  drawer,  bracket 
drawers,  book  stalls,  etc.,  as 
shown.  The  depth  of  thisdesk, 
(321nches)and  the  cases  being  No.  60 

well  up  from  the  bed,  makes  it,  with  all  its  conveniences,  a  MOST 
PRACTICAL  DISK.    Sent  anywhere  on  approval. 

> 1  for  100-page  Catalogue  Desks.Cbalra, Files,  etc.  Also  ask  for  larg; 

Catalogue  Library  and  House  Furniture  and  get  Factory  Prim. 

We  Hake  School  and  Church  Furniture,  Assembly  and  Opera  t'hairs, 
AeenU  and  Dealers 
wanted    everywhere 


E.  T.  Stafford  Mfg.  Co.,  Chicago 


What  Is  Daus1  Tip-Top? 


TO  PROVE  ?Tat  d.«; 

Tip  Top 

is  the  best  and  simplest  device 
for  making  100  copies  from  pen 
written  and  50  copies  from 
typewritten  original,  we  will 
ship  complete  duplicator,  cap 
size,  without  deposit  on  ten  ( 10)  days'  trial 

Price  $7.50  less  trade  discount  of 
33 Vi  per  cent  or 


$5.00  net 


The  Felix  G.  L.  Daus  Duplicator  Co. 
Daus  Building,  111  John  Street,  New  York  City 

I  i 
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The  American  Typewriter 


kv* 


TVn, 


Saves    twelve    hundred 
ON  one  5TIIU  BAR         parts  and   $50.      This 
feature   is    the    exclusive    patent    of  the    Standard 

American   $50 
Typewriter 

Universal   keyboard,    ball- 
bearing     carriage,      prints 
from    ribbon;     steel    type, 
unlimited  speed. 
"THE  AMERICAN  WAY" 

and    Easy    Payment    Plan 
Mailed  on  request 

American  Typewriter  Co. 

257  Broadway,  New  York 


TYPEWRITERS*^ 


safes: 

price. Writefor  CatalogT  TYPEWRITER  EllPOKU '31,  202  LaSall'e St. ,  Chicago 


The 

Modern 

Business  Necessity        — *»  CAPACITY  999.999.999 

The  famous  Calculating  Machine.  Enthusiastically  endorsed 
the  world  over.  Rapid,  accurate,  simple,  durable.  Two 
models,  oxidized  copper  finish,  $5.00;  oxidized  silver  finish, 
with  case,  $10.00,  prepaid  in  U.  S.  Write  for  Free  Booklet  and 
Special  Offer.    Agents  wanted. 

t'.  E.  LOCKE  MFG.  CO.  32  Walnnt  St.,  Kensett,  Iowa 


a 


m^slr^ 


0M 

ON  CREDIT 


/aCARATl 

QUALITY  I 

A-l. 

$80. 

)I5.CASH&$8.M0NTHL? 

#TT  Yes,  it's  true  that  our  credit  prices  are 
^^  102  higher  than  cash  prices,  but  by  pur- 
chasing a  diamond  on  credit,  you're  just  as 
well  off  as  If  you  wait  aix  months  and  then    i 
pay  cash. 

#]T  Here's  the  reason.  Prices  of  diamonds  are 
^"-»  advancing  right  along  at  the  rate  of  20$  per 
year  —  that  means  10$  every  six  months.  There- 
fore our  present  credit  prices  are  the  same  as 
cash  prices  will  be  In  six  months.  You  see  the 
point,  of   course. 

f]T  Our  system  of  selling  on  credit  is  the  best, 
'JU  cleanest  —  most   liberal    in    the   world. 


To  any  honest  person,  we'll  send  Diamond  like 
cut,  0.  0.  D.  $15,  subject  to  examination.  Or 
send    $15   with    order.      Satisfaction    guaranteed. 


fir  We  have  a  Catalog  different  than  any  you  have 
11-«  ever  seen.  It  tells  how  to  judge  diamonds; 
gives  eight  different  qualities  with  weights  and  prices 
of  same,  and  quotes  watch  cases  and  movements  sep- 
arately. It's  worth  your  while  to  send  for  it.  Write 
today  for  this  valuable  FREE  Catalog  No.  U220. 


febertL'J»i 


815   (U320)   State  Street,  Chicago 

Established  1882 


DIAMOND 

M PORTERS 
WATCHES 
JEWELRY 


Technically  Correct 


In  Every  Detail 

THE  Oliver  Typewriter  is  the  highest  embodi- 
ment of  mechanical  excellence  in  a  Visible 
Writing  Machine.  It 
is  so  minutely  perfect 
that  it  will  write  on  a 
postage  stamp  —  so  com- 
prehensive in  its  scope 
that  it  adapts  itself  to 
every  writing  require- 
ment of  the  business 
world. 

In  the  vital  essentials 
of    Visibility,   Accuracy, 
Speed,.  Legibility,   Perfect   Alignment,    Powerful 
Manifolding,  Durability  and  Ease  of  Operation, 

OUIVaCR 

"lypcwpi't&i- 

The  Standard  Visible  Writer 
stands  first.  We  can  give  profitable  employment  to 
several  young  men  as  Local  Agents  for  the  Oliver. 
If  open  for  engagement,  get  in  touch  with  this 
office  at  once. 

The  Oliver  Typewriter  Company 

135  Wabash  Avenue,  Chicago. 

Principal  Foreign  Office,  75  Queen  Victoria  Street,  London. 


FOR  SALE. — A  Fox  Typewriter.      Nearly  new. 
"Will  sell  at  a  bargain.     Write  for  full  particulars. 

THOMAS  P.  CHARLES 
5413  Dearborn  St.  Chicago.  111. 


AS20R  Watch  for  $5.45 


These  figures  tell  exactly  what  we  are  doing— selling  a  120.00  watch 
for  $5.45.  We  don't  claim  that  this  is  a  840.00  watch  or  a  850.00  watch, 
but  It  is  a  $20.00  watch.  A  leading  watch  manufacturer,  being  hard 
pressed  for  ready  cash,  recently  sold  us  100,000  watches— watches 
actually  built  to  retail  at  820.00.  There  Is  no  doubt  that  we  could 
wholesale  them  to  dealers  for  812.00  or  813.00,  but  this  would  Involve 
a  great  amount  of  labor,  time  and  expense.  In  the  end  our  profit 
would  belittle  more  than  it  Is  at  selling  the  watch  direct  to  the  con- 
sumer at  85.45.  The  1  ■: >  iir.-t «n  Watch,  which  we  offer  at  $5.45  is  an  lm. 
21  jeweled,  finely  balanced  and  perfectly  adjusted  movement.  It  has 
specially  selected  jewels,  dust  band,  patent  regulator,  enamelec 
dial,  jeweled  compensation  balance,  double  hunting  case,  genuine  gold- 
laid  and  handsomely  engraved.  Each  watch  Is  thoroughly  timed, 
tested  and  regulated,  before  leaving  the  factory  and  both  the  case 
and  movement  are  guaranteed  for  25  years. 

Clipoutthis  advertisement  and  mail  It  to  us  to-day  with  your 
name,  postoffice  address  and  nearest  express  office.  Tell  us  whether 
you  want  a  lady's  or  gent's  watch  and  we  will  send  the  watch  to  your 
express  office  at  once.  If  it  satisfies  you,  after  a  careful  examination, 
pay  the  express  agent  85.45  and  express  charges  and  the  watch  is 
yours,  but  if  it  doesn't  please  you  return  it  to  us  at  our  expense. 

A  25-Tear  Guarantee  will  be  placed  in  the  front  case  of  the  watch  we 
send  you  and  to  the  first  10,000  customers  we  will  send  a  beautiful 
gold-laid  watch  chain,  Free.  We  refer  to  the  First  National  Bank  of 
Chicago,  Capital  810,000,000. 

NATIONAL  CONSOLIDATED  WATCH  CO. 

Dept.   377.CHICAGO 
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Complete 
Drawing 

Outfit  No.  la 


The  Official  Drawlnf 
Outfit  Used  and  Re- 
commended by  the 
School 


REGULAR 

RETAIL 

PRICE 

$14.49 


{Cut  is  Reproducid 
from  a  Photograph) 


DETAILED    LIST    OF    OUTFIT    ILLUSTRATED: 


INSTRUMENTS: 

Set  of  German  Silver  Drawing  Instruments  in 
Morocco  Leather  Pockat  Case,  velvet  lined,  with 
bar  lock,  comprising: 

One  German  Silver  compass,  6  inches  lone, 
with  pen,  pencil,  needle  point  and  length- 
ening bar. 

One  German  Silver  spacing  dividers,  5  inch** 
long. 

One  steel  spring  bow  dividers,  V-i  inches  long. 

One  steel  spring  bow  pen,  3"«  inches  long,  with 
needle  point. 

One  stee!  spring  bow  pencil,  3%  inches  long,  with 
needle  point 

One  5-inch  ruling  pen,  spring  on  upper  Blade- 
One  case  with  leads. 

One  adjusting  key. 

Retail  Price  of  Instruments,  £6.90 


Total  Value  of  Complete  Outfit,  $14.49 


DRAWING  MATERIALS: 

One  Drawing  Board.  19x25  inches,  seasoned 
pine,  with  end  battens,  tongued  and 
grooved,  shellac  finish,  »       $1.50 

One  Mahogany  T-Square,  24  in.  long,  ebonv 
lined,  fixed  head,  shellac  finish. 

One  45°  Transparent  Triangle,  8  inch. 

One  30°x60°  Transparent  Triangle,  10  inch. 

One  12-inch  Triangular  Boxwood  Scale,  engine 
divided  ;  graduated  3-32,  3-16,  1-8,  1-4,  3-8, 
8-4.  1-2,  1 1-2,  and  3  inches  to  the  foot,  and 
one  edge  inches  and  16ths,  with  case,    -         LOO 

One  Transparent  Combination,  irregular  or 
French  Curve,  special.         .... 

One  Bottle  Waterproof  Ink  ... 

One  «-H  Siberian  Drawing  Pencil, 

One  Faber' e  Ink  Eraser,  No.  1075, 

One  Faber's  Pencil  Eraser,  No.  1U, 

One  dozen  Thumbtacks,  .... 

Nine  sheets  Whatman's  handmade,  cold  pressed, 
Drawing  Paper.  1354x20  Inches, 

Twelve  sheets  Whltstock  Drawing  Paper,  11x15 
Inches  (for  practice  work  only). 

One  Nickel  Plated  Erasing  Stencil.       •       • 

One  Sandpaper  Bloci,  •      •      •       * 

One  6-Inch  German  SUver  Protractor,  ys°. 

Retail  Price  of  Materials, 


.00 
M 
.60 


$  7.59 

SPECIAL  PRICE  TO  A.  S.  C.  STUDENTS  SMSffigR  $5.95 

In  order  to  secure  the  above  special  price  it  is  necessary  to  be  a  student  of  the  American  School 
of  Correspondence.  Orders  should  be  sent  direct  to  the  address  of  the  manufacturer  as  given 
below,  accompanied  by  Post  Office  Order  or  by  Registered  Letter  for  the  amount  and  a  statement 
that  the  writer  is  a  member  of  the  American  School  of  Correspondence. 

ADDRESS: 

A.  D.  MACLACHLAN,  502-504  Boylston  St.,  Boston 

ARCHITECTS'  AND  ENGINEERS'  SUPPLIES 
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SOMETHING      NEW 

THE  GREENAWAY  STEAM  TRAP 

full  bore  Inlet  and  outlet.         You  know  what  this  means. 
Write  for  catalogue. 


THE  GREENAWAY  COMPANY 

13  Woodward  Avenue,    DETROIT,  MICH. 


THE  John  Davis  Co.,  Chicago 


Manufacturers    of 

REDUCING, 
BACK   PRESSURE, 

And  Other  Valves 

Steam  Traps, 
Separators 

STEAM    GOODS 
of  all  kinds. 

Send  for  our   "S"   Catalogue 


Stationary  Engineering 

Why  not  learn  a  profession  in  which  there  is  always  a 
demand  for  help  at  good  wages.  Fill  out  and  send  this 
advertisement  to  us  to-day  and  receive  our  200-page  hand- 
book (FREE)  describing  our  STATIONARY  ENGINEERING 
COURSE  and  over  60  others,  including  Electrical,  Mechan- 
ical, Marine,  Locomotive  and  Civil  Engineerinc,  etc.  We 
can  help  you  as  we  have  helped  others.       Write   NOW. 

AMERICAN   SCHOOL   OF   CORRESPONDENCE 
CHICAGO,  ILL. 


Name 

Address 

City  and  State. 


IS   YOUR. 


Steam  Pressure 
Uniform? 


If  not,  you  are  wasting  fuel  and 
incurring  unnecessary  expense. 
Investigate  the  conditions  in  your 
boiler  room.  There  may  be 
waste  somewhere. 


There  is  one  sure  way  to  learn 
the  actual  conditions;  that  way 
is  by  the  use  of  the 

American  Combined  Pressure 
and  Recording  Gauge 

Which  gives  an  accurate  record 
of  the  variations  in  pressure  and 
enables  you  to  make  the  proper 
adjustments  to  stop  the  waste 
occasioned  by  uneven   pressure. 


Saves  its  cost  in  a  fczu  zveeks. 


Circular  3-T  on  request. 

American  Steam  Gauge 
and  Valve  Mfg.  Co. 

NEW  YORK  BOSTON.  MASS.  CHICAGO 

ATLANTA  SAN  FRANCISCO 


Mention  Technical  World  Magazine 


THE   TECHNICAL    WOKi  P   MAG  A 


Men, 


^' o'©1  oKf1  "^  ai'^Kisi'^i^iKi  '^I'A'i  ,A,i*A,i«i^:i^:F^iyx,,iuii 


^&^8 


M'M|im'|'i'|'i'ii|i|i|i|i|i|i|i|i|i|i|i|i|i|i|i|i|i|i|' 


THE  READY  DRAUGHTING  INSTRUMENT 


Isvcated  ; 

lnv<  in ,*'     1  i  i 

11!     lli.it     III. I'.  N 

I  f  T-Square,  G  mp         •  It 

■  adjustment 
V  nun  and  moncj  navel  which  everyone  can  afford 
of  aluminum ;  hlghl;  -  with  full  instructions. 

'  money  returned  if  not  entirely  satisfied.     Don't  delay ;  writi  to-day. 

READY  MFG.  CO.,  Box  A.,  Rochester,  N.  Y.,  U.  S. 


DRAFTSMEN      wh;r  han<'l<,tn'0nwfc'tra'"d  triangles  instead 
"    nf  :i.".  .  in   Ruling  and  Erasing  Shield,  con- 
i  a  knob,  that  serves  90  per  cent,  of  vertical  lining,  dell- 
rate  erasures  ami  nearly 

Price  by  mall  le  of  transparent  pyralin. 

("Irrulars  of  Celluloid  Specialties. 
D.  J.  KELSEY,  77  ".ivingston  St.,  NKW  HAT]  N,  i  05H. 


EXTRA 

WATERPROOF 


POST'S 

DRAV 


Are  of  Superior  Quality — Flow- 
Freely — Are  Dense  Black.  C.If  your 
Dealer  can  t  supply  you  send  us  20 
cents  for  full  size  bottle  mentioning 
The    Technical    \Vorld     Magazine. 

THE   FREDERICK   POST  CO. 


Sole    Manufacturers 
Hamlin  and  Avondale  Aves. 


CHICAGO 


KEUFFEL  &  ESSER  CO. 


OF    NEW    YORK 


If  you  use  Drawing  or  Surveying  Instruments 

We    want   to   send    you    FREE   one   of   our    500    page   illustrated 

catalogues  giving  full  descrip- 
tion, prices  and  other  useful  in- 
formation of  our  Drawing  and 
Surveying  Instruments,  Paper, 
Inks  and  High-Grade  Drawing 
Material    of    every     description. 

Be  st    Quality    and    L  c  tv  est    1*  rices 

New  York  .    .    .     127  Fulton  Street       San  Francisco,  421-423  Montgomery  Street 
Chicago    .    .  Ill  E.  Madison  Street       St.  Louis 813  Locust  Street 


Mention  Technical  World  Magazine 


ADl'ERTISliMH.XrS 


Mo 


+T5he 


Rapid 
Sketching 
Device 


BE    YOUR    OWN    DRAFTSMAN 


THE  Rapid  Sketching 
Device  is  intended 
for  your  own  per- 
sonal use.  It  is  the 
instrument  every  busy 
man  should  have  right  at 
his  elbow.  It  saves  a  trip 
to  the  drafting  room,  for 
with  its  aid  you  can  ex- 
press clearly  and  accu- 
rately just  your  idea.  It 
is  a  money  saxfer  and 
a  lime  sa-Cer.  •!  It  en- 
ables you  to  draw  and  scale  your  lines  at 
the  same  time  and  at  any  desired  angle. 
<J  It  consists  of  a  graduated  square,  which, 
by  means  of  a  protractor,  can  be  set  at  any 
angle,  thus  giving  parallel  lines  anywhere 
about  the  board.  <|This  parallel  motion 
is  accomplished  by  means  of  an  arm  con- 
sisting of  two  pivoted  parallelograms  which  join  :he  protractor  to  the  left-hand  corner  of  the  board.  •]  Spring  stops  are 
provided  for  the  zero,  30°,  45°,  60°  and  90°  angles,  so  that  these  may  be  obtained  without  stopping  to  read  the  protractor. 
•5  The  blades  of  the  square  are  scales  and  are  interchangeable;  furnished  in  any  length  and  any  graduation.  Also 
straight  edge  for  inking,  fl  The  Rapid  Sketching  Device  can  be  used  for  drawings  up  to  18  x24",  and  is  ordinarily 
used  on  a  20"  x  27"  board.  *J]  Sent  on  10  days  Approval  on  Receipt  of  $4.75.  <J  If  satisfactory  send  us  92.00  a 
month  for  seven  months.  Otherwise  return  device  to  us  and  we  will  refund  your  money.  The  cash  price  is  817.75. 
<I  The  outfit  consists  of  one  20"  x  27"  board,  one  Rapid  Sketching  Device  and  one  set  of  scales.  Complete  Information 
on  Application. 

UNIVERSAL  DRAFTING  MACHINE  COMPANY,     220-226  Seneca  Street 


Two    things    the   draughtsman 
must  have  if  he  is  to  do  work 
that's  a   credit  to   him. 

Skill 
Right  tools 

If  you    furnish    the   first,    we    can 
provide  the  second. 

Devoe    Drawing    Instruments     are 
like  all   Devoe   things  ;    that   name 
means  best  quality   always. 

Get  our  price  list  of  drawing  and 
draughtsmen's  supplies.     Sent  free 
on  request.    Address  department  C. 

Devoe   &   Raynolds   Company 

176   Randolph  Street,         Chicago 
Fulton  and  William  Sts.,  New  York 
I  2  14  Grand  Avenue,    Kansas  City 

"KOH-I-NOOR" 

TRACING  CLOTH 

Is    Unequaled    in    Trans- 
parency, Erasing  Qualities, 
and    Freedom   from    Pin- 

l®°Ask  your  Dealer  for  it 

Samples   and   Prices   on 
Application . 

L.  (8L  C.  HARDTMUTH 

Ma  f^e  r  j 
12  Golden  Lane.    ...       London.  Eng. 
34  East  23rd  St..        -       -       .          New  York 
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LL   ABOUT 

UTOMOBILES 


1 1  ».> 


Thii  volume  contain*  mott  helpful  in- 
•^rmation  tor  owncr>,opc riti-ri,  rrpairmrn, 
rn  \t,e  rate— fa)  t»r»,  running  »nd  con- 
•  Iruition  it  tt.r  nrioil  fofM  ot  motor 
I  »n.I  acce»»on<^  ;  with  i  complete 
trrilnr  on  jnolene  ind  itfim  rnfinti  and 
motor*,  hilly  i  ■  tnte.l;  ready 
reference  in.'.ex,  making  an  up-to-date  edu- 
cator.    Highly  en.lor»ed.      t'ublii'  - 

r\   refolded  ti  not  satuiac- 
.-..,■,,    >■„. 

THEO.    AVDEL  <£.   CO. 
63  Fifth  Avenue 

Now  York  City 


$' 


THIS  BOOK 

contains  more  matter  on 
this  subject  than  any- 
thing ever  printed.  1  Ma- 
grams  and  tables  very 
complete.  Over  80  pages 
and  1H5  tables  and  illus- 
trations of  articles  used 
in  pipe  work. 

Fine  for  DRAFTSMEN 
and       ARCHITECTS. 

Sent  post  paid. 

Bound  in  Flexible  Cloth,  50c. 
Bound  in  Leatherette,   -   75c. 

If  vou  are  interested  in  drafting  send  25  cts.  for 
4  months'  trial  to   THE    DRAFTSMAN 

which  has  data   sheets  with  it  each  month. 


Data  Sheet  Binders 


25c. 


The  DRAFTSMAN  for  one  year  *«   |/\ 
and  the  cloth  bound  book  above  sent  for  *^1»1U 

A  booklet  on  LETTERING  sent  post  paid  for 
25  cents.     Circulars  of  books  FREE. 


^/l  d  d  r  t  j  J 


THE  BROWNING  PRESS 


PUBLISHERS 


Lock  Drawer  O 


CLEVELAND,  OHIO 


ARCHITECTURE 

A  fine  vocation  for  young  men  desiring  to  fit  themselves 
lor  better  paying  positions.  Fill  out  and  send  this  adver- 
tisement to  us  to-dav  and  receive  our  200-page  handbook 
FREE  describing  our  course  in  ARCHITECTURE  and 
over  60  others,  including  Electrical,  Mechanical,  Steam 
and  Civil  Engineering,  Heating,  Ventilation  and  Plumbing, 
Architectural  Drawing,  Mechanical  Drawing,  Telephony, 
Telegraphy,  Textiles,  etc.     Write  NOW. 

AMERICAN   SCHOOL  OF    CORRESPONDENCE 

CHICAGO,  ILL. 

Name 

Address  

City  and  State 

T.  W.  546 


The  FIVE  ORDERS 
of  ARCHITECTURE 


T 


HE    newest   and    most 
comprehensive    treatise 
on  the  Greek  and  Roman 
orders  published.    Inval- 
uable to  architects,  draftsmen,  art 
students  and  every  lover  of  art. 


'TMPLE'OKDRIFFt 


(L400  pages  of  text,  bound  in  ^    Mo- 
rocco, and  a 
PORTFOLIO     OF    58    PLATES 

11x15  inch"  in  s'ze>  printed   on  heavy 

plate  paper. 

^T  Both  books  sent  FREE  on  five  days' 

approval,  express  prepaid.     If  satisfactory, 

send  $  2. 00  down  and  $  2. 00   per   month 

for  five  months,  otherwise  notify  us  and 

we  will  transfer  the  books  free.    Cash  with 

order,  $1  1 .00. 

^T  Among  the  authorities  engaged  in  ,the 

preparation  of  the  work  are 

F.  A.  BOURNE,  Architect,  Boston 

FRANK  CHOUTEAU  BROWN,  Architect,  Boston 

H.  V.  von  HOLST,    Architect,  Chicago 

J.  R.  COOLIDGE,  JR.,  Architect,  Boston 

AMERICAN    SCHOOL   OF    CORRE- 
SPONDENCE      :  :      CHICAGO,  ILL. 
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CATALOGUE 
OF 


CHEMICAL  TECHNOLOGY 
AND  GENERAL  CHEMISTRY 

PUBLISHED  AVGVST   15,  1905 


*®°  Our  Complete  Classified  Catalogue  of  Books  on  Chemical 
Technology  and  General  Chemistry  arranged  under  the 
following  heads:  Acids,  Alkalies,  and  Salts;  Beverages, 
Brewing,  Cider,  Distillation,  Fermentation,  Liquors,  Pre- 
serving, Vinegar,  Wine;  Brick,  Ceramics,  Glass,  Porcelain, 
Pottery;  Cement  and  Concrete;  India  Rubber,  Gutta  Percha, 
Glue,  Ink;  Leather  Manufacture;  Oils,  Fats,  Waxes,  Paints 
and  Varnishes;  Paper  Manufacture,  Fibres;  Perfumery; 
Soap  and  Candles;  Sugar,  Starch;  Flour,  Baking,  Bread, 
Confectionery;  General  Reference  and  Receipt  Books.  General 
Chemistry,  Chemical  Arithmetic,  Calculation,  Tables,  etc.; 
Chemical  Analysis;  Inorganic  Chemistry;  Organic 
Chemistry;  Electro-Chemistry;  Addenda;  sent  free  to  any- 
one in  any  part  of  the  world  who  will  send  his  address. 

HENRY  CAREY  BAIRD  ®.  CO. 

Industrial  Publishers,  Booksellers  and  Importers, 
810  Walnut  St.     ::     Philadelphia,  Pa.,  V.  S.  A. 


STRUCTURAL  DRAFTING 

BY   MAIL   ONLY 

A   PRACTICAL  COURSE   OF   INSTRUCTION   IN   THE   OFFICE  WORK  OF 
DESIGNING,  ESTIMATING  AND  DETAILING  STRUCTURAL  STEEL  WORK 

THE  EMPIRE    SCHOOL 
Box    56  2,    TROY,    N.    Y. 

A  SPECIAL  RATE  WILL  BE  MADE  TO  ALL  STUDENTS  ENROLLING 
BEFORE  MAY   I,    I906. 

Tells  how  to  build  Walks,  Floors, 
troughs,  cisterns,  roofs,  tanks,  etc. 
Cheap,  sanitary,  everlasting.  Given  to  any  person 
sending  50  cents  for  a  year's  sub-  flM  PFMFNT 
scription   to  our  practical   paper.     UH    WLIflLH 

THE  CEMENT  ERA,         ::        ::        20G  Tolams  Building.  DETROIT,  MICH. 


FREE  BOOK 


The  greatest  technical 
journal  in  the  world 

ELECTRICAL 
WORLD 


It  covers  the  entire   . 
electrical   field 

Published  weekly.    $3  per  year 

We  can  supply  you  with  any  engineering 
book  published.     C.  Ask  for  catalogues. 


ELECTRICAL    WORLD 

No.  114  Liberty  Street,     a      NEW  YORK 


FREE! 


A  Text  Book 

You've  Often  Wanted 

V     AC°NCISE  and  careful  compi- 
lation of  Tables,  Facts  and 

Formulas  for  solving  problems  in- 
cident to  friction  gearing.  The 
work  of  able  engineers,  copy- 
righted and  nicely  bound.  Con- 
tains information  to  be  found  in 
no  other  book. 

We  are  not  distributing  this 
valuable  book  to  those  who  do  not 
need  it.  But  to  those  who  do  need  it, 
whether  engineer,  student,  or  owner  of  ma- 
|\  chinery,  we  gladly  send  ii  free.  Send  us  a 
postal  request,  stating  occupation  and  firm 
with  which  you  are  connected.     Address 

The  Rockwood  Mfg.  Co. 

1903  English  Ave. 
Indianapolis,  Ind.,  U.S.A. 


Real  Parisian  Life 

Tales  More  Fascinating  and  Ex- 
citing than  Balzac  or  French 
Court  Memoirs. 
I  have  secured  the  sets  of  Paul 
de  Kock  which  were  awarded 
the  Gold  Medal  at  St.  Louis. 
Rather  than  rebind  them— they 
are  slightly  rubbed  through 
handling — I  will  sell  them  at 
half  trice  as  long  as  they  last, 
and  upon  small  monthly  pay- 
ments. 

Paul  de  KocK 

The  Merriest  French  Humorist 
has    written    sparkling,    witty, 
amusing,  riveting  novels— anti- 
S^— h   $'Mk\  %'€/%■         ',     dutes  for  melancholy.   The  sto- 
■h  ^#4a  Li  ries,   literally  translated,  race 

merrily  along,  nothing  didactic 
or  dull;  as  original  as  Boccac- 
cio, as  mirthful  as  Gil  Bias, 
more  fascinating  than  Sterne 
or  Smollett. 
SHORT,  FASCINATING   STORIES 

"Paul  de  Kock  is  a  tonic  in  books  instead  of  botl  les."  Max  O'Reta. 
"His  charming  characters  seem  to  be  under  the  influence  of  cham- 
pagne."— Charles  LEVER.  "He  had  kept  France  laughing  for  years 
—the  Smollett  of  France."— Boston  Herald.  1  dislike  the  superla- 
tive but  I  believe  this  the  best  and  richest  book  value  ever  ottered. 
The  set  contains  the  most  delicate  and  artistic  French  Illustrations 
made  specially  for  this  work  by  Glackens,  Sloan,  Wenzell,  Sterner, 
and  many  other  famous  artists. 

ILLUSTRATED  BOOKLET  FREE 

giving  you  full  particulars  and  sample  pages  of  this  rare  set  of 
books,  but  you  must  write  to-day, stating  whether  you  are  interested 
In  cloth  or  half  morocco  binding. 


CLINTON  T.  BRAI.NAUD,  425  Filth  Ave.,  New  1'ork.  T.  W.    5-0G 

Please  send  me  particulars.   I  am  interested  in  the  binding 

Name 

Address 
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BUILD  YOUR  OWN  BOAT 


■\MI     5 


Bv   tin-    HUHDIxS   System 


IO.O>l<    r\,.\  l.  . 

OXP.'I   I.MU    I' 


no  tool 


ll!l\     PIM     I   Ollt 

■•ootid  Man)  have 

ding  business. 

I 

1  pattei  d    yon  can  build 

OtnM       rowboM       salibo.V       launch      or 

N  Kohl  time      -it  home,  and  the 

BrooksS\M.Mii  oxact  sized 

patterns  boat 

detailed  Instructions  and   working  Il- 
lustrations fthework    an  item- 
ed and  how  i"  secui  <■  it. 
■    • 

■  ommon 

Our  big  troo  catalog  tells  how  you  can  build 
• 

a  the  knock- 
ther. 

refunded. 
COMPLETE    CATALOG    FUEE 
Books  We  Publish 
Information  for  the  amateur  Yachtsman  nn.l 

Hunt  Builder.    Prlea  -; 

The  Principle  ami  Operation  ot  Marine  Qasollne  Mo- 


BOh 


1T|. 


BROOKS  BOAT  MANUFACTURING  CO. 

i  OilglMlwi  ,.t  Um  fetters  v.c™  al  li..m  Balldlaa 
6205  Ship  St.,  Bay  City,  Mich.,  U.  S.  A. 


coZsJ 


The  WONDER  GASOLINE  ENGINE 

Here  it  is  At  Last  I 
Something  t"  convert  the  row  or  sail  boat  into 
an  auto  boat.    It  la  bo  simple  any  one  can  oper- 
ate it.    No  valves,  gears,  cams,  etc. 
The  simplest,  strongest  and  lowest 
price  outfit  on  the  market.    Rated 
at  W,  h-  p.,  furnishes  nearly  two. 
Solid  orreversing  propeller.  Jump 
spark.    Prices   will   surprise  you. 
Supply  is  going  to  Delimited.  Write 
today.     Will  easily  drive  any  size 
of  boat  up  to  18  foot. 
101  8.  Balhu  Btreetj   BTKACT8K,  If.  Y. 
1132  rark  How  Bid.,     SEW  YORK  CITY. 


The  R.  M.  Cornwell  Co,, 


15 he 


"WAGN  ER" 

MOTtEL    Ao.    6  


,THE   STANDARD   OF  MOTOR  CYCLE   PruccrTinn 

Simple  Sirone,  Durable— A  Practical  Machine  for  Business  or 
Pleasure.  A  Postal  Will  Bring  You  Our  Descriptive  Catalog, 
and  Special  Introductory  Offer. 

WkHNFR  MOTORCYCLE  CO.,     32S  St.  Peter  Street,  St.  Paul,  Minn. 
GEO.  Y.  LTOIS,  \    rk  Stale  Ajr^nt,  1900  Broadway,  Sew  York  City 


I]  H.P.  $33.15.  Engine  Only 
3  H.  P.  $44.00.  Engine  Only 


T  H  F 

'DETROIT 
^UTWWRWE  MOTOR 

THE  SMOOTHEST  THING  THAT  RUNS 

No    e,  Friction  and  I  ncertalnty  redu I  t<>  u  minimum,    The  result 

of  ■  high  standard  of  manufacturing— which  means  every  piece  of 
metal  tested  not  bj  ruleol  thumb,  out  by  scientific  methods,  on  a 
testing  machine  bnlll  ror  the  inni"^1'.  *  Prom  (oundrj  to  user,  the 
bETiioiT  AVTO-H  tRUI  mo  ion  passes  in  its  various  stages  under  one 
organisation  head.  UWe  are  making  10,000  Anto  Harlne-Guollne  en- 
gine* thlsyear,not  merely  assembling  parts  made  In  various  factories. 
»l  BANUFACTtRE  TUB  MOTOB  COMPLETE,  l.\l»  GUARANTEE  ETBR1 
MOTOB    Wl    MAKB. 

I       II  I'.  ISS.U  Enu-lne  only     B  H.P.  will  derolop  I  II. P.  *  11.00  lupine  only 
Write  for  catalog  describing  Auto  Marine  Motors 
1  to  20  11.  P. 

DETROIT    AUTO-MARINE    CO. 

43   East  Congress  Street.        ::        Detroit 
BE  LlbertyBt,  Ren  fork.     The  Bonne,  Philadelphia 

The  only  builders  of  Auto-Marine  engines 
In  the  world. 


jj^-HPSJ*^ 


SWIFT ___.,»-.  J-»  -  tK.-k^-.  STRONG 

safe  DETROIT  CANOESdurable 


DETROIT  BOAT  CO. 


$5 


WATER 
MOTOR 


$3.50 


A  LARGE  $5  Divine  faucet  water  motor 
for  a  limited  lime  $3.50,  complete,  with 
the  Morton  guarantee.    Attached  to 
any    faucet.      For    polishing,    sharpening 
and  grinding.    Huns  all  kinds  of  light  ma- 
chines like  sewing  and  washing  machines, 
lathe, drill,  dynamo,  buzz  saw,  etc.    Nearly 
twice  as  large  as  any  other  adver- 
tised motor.  Outfit includesemery 
wheel,   cloth,    buffing  wheel,   felt 
polishing   wheel,   seasoned   wood 
pulley,  leather  beltint.',  polishing 
in  it  erial.oi  Ira  n.washers  and  print- 
ed   Instructions.       Money   refunded 
If  not  satisfactory.    c  Order  now, 
or  write  Immediately  for  Morton's 
FREE  motor  book.   Agents  wanted. 

MORTON    MFG.    COMPANY 

Dept.  0,    130  Fulton  Street,    NEW  YORK 


Motor  Boats,   Row  Boats, 
Hunting  and  Fishing  Boats 


Mullins  Steel  Boats 

built ofsteelwithairchambersineachend  , , 

like  a  life  boat.  Faster,  more  buoyant, 
practically  indestructible,  don'tleak.  dry 
out  and  are  absolutely  safe.  They  can't 
sink.  No  calking,  no  bailing,  no  trouble. 
Every  boat  is  guaranteed.  Highly  en- 
dorsed by  sportsmen.  The  ideal  boat  for  —^  , 
pleasure,    summer    resorts,    parks,    etc.  Write  lor  ^^^n^n^n^^— -         Catalogue. 

The  W.  H.  Mtxllins  Company,  330  FranHlin  St.,  Salem,  Qhii 
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A  Well  Chosen  Power 


saves  a  world  of  annoyance  to  the  operator.  A  power  is  not  well  chosen 
that  is  not  simple,  reliable,  ample  for  needs,  easily  kept  in  order, 
economical  in  operation,  etc.  fl  Then,  it  makes  a  difference  what  your 
work  is.  There  are  many  styles  and  Fizes  of  engines.  See  that  the 
one  you   buy  is   adapted   to   the  work   in   hand. 

THE  I.  H.  G.  GAS  AND 
GASOLINE   ENGINE  LINE 

meets  all  requirements.  Neat  appearing,-  easy  running,  take  little  fuel 
for  power  generated,  so  simple  they  cannot  get  out  of  order,  so  easily 
understood  that  anybody  can  operate  them.  An  I.  H.  C.  Engine 
always  responds.  Make  sure  of  getting  the  dependable  kind. 
^  You  11  find  the  style  and  size  that  will  exactly  meet  your  wants. 
Horizontal,  Stationary  and  Portable  in  4,  6,  8,  10,  12  and  15  h.  p. 
Vertical  in  2,  3,  4,  and  5  h.  p.  Write  for  Catalogue  and  Investigate. 


The 


International    Harvester 
Company  of  America 

No.  7  R  MONROE  ST.     (Incorporated)    CHICAGO,  ILL. 


WINES 


There  is  no  gas  engine  as  simple  as  an 
Olds — compare  it  with  others  and  this  state-1 
ment  is  proved.     The  repairs  cost  practically' 
nothing. 

The  Most  Economical  Engine 

|For  pumping,  electric  light  plants  and  factories  of  any  kind,] 

The  reason  why  is  interestingly  told  in  our  catalog  mailed 

ou  request.   Tell  us  your  requirements  and  we  will  help  you  ] 

figure  out  what  you  need.    Send  for  our  catalog  showing 

Type  A  ( 2-8  h.  p.)  Type  G  (  8-50  h.  p.)  Types  K  and  N  ( 12- 

1200  h.  p.  used  with  our  Gas  Producer,  it  will  reduce 

fuel  cost  75  per  cent.) 

CELEBRATED   PICTURE  FREE 

For  4c  in  stamps  to  pay  cost  of  mailing  we  will 

also  send  you  Rosa  Bonheur's  "Horse  Fair,', 

the  most  celebrated  animal  picture  in  the 

world,  size  16 x  20,  beautifully  colored, 

suitable  for  framing. 

Olds  Cas  Power  Co. 

049  Chestnut  St. ,  LanBlnj,  Mich . 
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55-5:  Mark**  strut.  CHICAO 

M    IV.irl    Strut.    Bl  II    \l  t» 


PLEASE   PONDER  THIS 

lhn,  |i  not  iii  any  department  of  youi    plant  a  single  mechanical 
Improvement  that  did  not  displace  what  jrou  ("i  jroui  tathei 
the  "  lure  1  aough  "  beat  thins  out,  isn  t  thai 

LEVIATHAN  BELT 

laely  such  .1  mpplantei  i"i  1 1  ■  *  -  reason  thai  ii  saves  :i  lot  ol  money 
bj  outlasting  two  01  three  rabbet  belts,  working  on  the  same  |ob. 

Othi  >\  this  "f  it  in    1  booklet  that  we'd  be  glad  to  mall 

ihall  we 

MAIN    BELTING    COMPANY 


Solo  Manafnctnrera 
►5-1241  AND  CARPENTER  ST.,  PHILADELPHIA 


120  Pearl  strict , 
.<<»<>  Brondwnj  ,  N 


BOSTON 
W  VORK 


JEFFREY   MACHINERY 


Power  House  completely  equipped  with 

Coal  Crusher,  Combined  Elevator  and  Conveyor,  and 

Coal  Storage  Tank  of  500  Tons  Capacity. 


Specialties:  Chains,  Sprocket  Wheels,  Elevators, 
— Conveyors,  Pulleys,  Shafting,  Shak- 
ing and  Revolving  Screens,  Electric  Locomotives, 
Coal  Mining  Machinery,  Coal  and  Rock  Drills.  Power- 
Transmitting  Machinery,  Etc.,  Etc. 

Send  for  Free  Catalogues. 

The  Jeffrey  Manufacturing  Co. 

Columbus,  Ohio,  U.  S.  A. 


SIX    CUTTING    SPEEDS 
AND  A  CONSTANT  RETURN 

is  what  you  get  on  a  Cincinnati  Variable  Speed  Planer.     If  you  are  planing     '-fl 
steel  and  cast-iron  at  the  same  speed  you  are  losing  valuable  time;  you  also 
want    one  speed  for   roughing  and  another  for  finishing.       You  want 
the  correct  speed  for  every  job.     You  can  get  it  with  the  Cincinnati. 

You  ought  to  have  a  Cincinnati  Planer  Catalogue. 
Where  shall  zue  send  it? 


CINCINNATI   PLANER   COMPANY 

Cincinnati,  Ohio,  U.  S.  A. 
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Brown  &  Sharpe  Mfg*  Co. 

PROVIDENCE,  R.L,U.S,  A. 

"Whether  you  use  tools  for  recreation 
or  profit,  be  sore  they  are  stamped 

B.&S.Mfg.Co. 

ITS  A  GUARANTEE  OF  QUALITY. 


B.&S.  TOOLS 

are  made  in  JOOO  varieties  and  carried 
in  stock  by  leading  hardware  dealers. 

SPECIFY  CATALOG  No.  107, 

IT   SHOWS   THE   FULL   LINE. 


Sebastian  Lathes  are  Good  Lathes 

Catalogue  Free      Sizes,  9  to  21  Inches 

Our  engine  lathes  are  provided  with  both  screw  and  rod  feeds  as  well  as  power  cross  feed. 
Gears  to  cut  all  standard  threads  from  5  to  36  are  furnished.  Steady  and  follower  rests 
large  and  small  face  plates  and  countershaft  go  with  each  Lathe. 

Foot  Lathes,  Tools  and  Supplies 

Sebastian  Lathe  Company  lSSSUSTSJ&. 


BEND  YOUR  EYES^l 

with  EYE  BENDERS  that  BEND 

If  you  want  to  know  more  about  thorough- 
ly first-class  Hand  Bending  Tools  and  what 
they  will  do  for  you,  how  much  you  can  save 
in  both  time  and  labor,  write  us  for  circulars 
and  terms. 

ESTEP  a  DOL  AN,  Sandwich,  111. 

Chas.  Churchill  &  Co.,  Ltd.,  London,  Eng. 


EYE    BENDERS 


We  make  hand  power  benders 
for  forming  eyes  from  stock 
lH  inch  thick  and  under. 
Any  size  eye  7  inches  outside 
diameter  and  under. 

WALLACE  SUPPLY  CO. 

90S  Garden  City  Block,        cliimi.-".  III. 


are  the  standard  for  accuracy,  workmanship,  design  and 
finish.      Whether  you  use  tools  to  earn  your  daily  bread 

or  for  amusement  and  relaxation  from  a  different  vocation,  it  pays  to  use  GOOD  tools. 

You  can  get  a  better  quality  of  bread  and  a  good  deal  more  pleasure.      Use  Starrett  Tools. 

Send  for  Catalogue  No.  17G.     176  pages,  illustrated,  free 

THE  L.  S.  STARRETT  CO.       Athol,  Mass,  U.  S.  A. 
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A  Perfect  Ignition  Device 

■p,^_     /""  _  c     o  ti /"l   ' '  ''"  ttnv  and  Spark  ColL      Ensure  constant 

ITC/X      vJclS     ill  1CA  •  i"  •  •!  in  Gai    in.  and  Motoi   Boats.       fh<    Batterlea 


^—  -«ii— ^     p.,  jt  ,    ,  .  ii<  :\ c  i  a  high 

Gasoline    Engines  „ :;,  wlI,.(l  t0  >■„ 


i  mi  i  ant  to  tin-  coil  wh 
.1  ,i  hoi  spark  sverj  time.     Thitoombl- 
.i«'s    all    Ignition    troubles.        Is    Barer    and    iii  '  ii-.il 

than  any  other  spar  knit:  device.     Sold  l>y  dealers  everywhere.     Send  (or 
;  est    •Iriilor,  and  Booklet  Battery    l;;icth,    Oontsinlim    valuable 

Ignition  Infoi  mation. 


EDISON  MANUFACTURING  CO..  23  Lakeside  Ave..  Orentfe.  N.J. 

31  I'm  on  s>i  ,  N.  V.      ;  i  Wabceh  Ave.,  Chicago     25  cu-i  kcnw cii  Road,  London,  E.  C. 


ELECTRIC 


OHIO 
Tli.    Wo 


ELECTRIC 

-.  Laiii|.i 


sr  IT  I  I  B  S.    TK  LB  rue  N  B  s. 

n  I  S.     1  ■   Free. 

.hi,  u.'li.iMii.l  i,;C»laloi!4c 

WORKS,      CLEVELAND.      OHIO 

n  f  r  Dynamo  una.  Toj  i,  Bat 

\\r    I  iImmII    til.  M.nil   iicrntn. 


MOTSINGER  AUTO-SPARRER 

Starts  and  Rurvs 

Gas  Engines  without   Batteries 

No  other  machine  can  do  it 
successfully  for  lack  of  original 
patents  owned  by  us.  No  twist 
motion  in  our  drive.  No  belt 
or  switch  necessary.  No  bat- 
teries whatever,  for  make  and 
break  or  jump  spark.  Water 
and  dust-proof.  Fully  guaran- 
teed. 

MOTSINGER  DEVICE  M'F'G.  CO. 

150    Main    Street.  Pendleton,    Irvd.,    V.  S.   A. 


[-  Mechanical  Drawing  - 

Young  men  desiring  to  fit  themselves  for  paying  posi- 
tions as  Mechanical  Draftsmen,  should  fill  out  and  send 
this  advertisement  to  us  to-day  and  receive  our  200  page 
handbook  FREE  describing  our  MECHANICAL  DRAW- 
ING course  and  over  60  others.  This  is  your  opportu- 
nity to  learn  a  profitable  and  well  paid  profession. 
Draftsmen  are  in  constantly  increasing  demand — see 
the  help  wanted  column  in  any  daily  paper.  Write  NOW. 

AMERICAN  SCHOOL  OF  CORRESPONDENCE 
CHICAGO,    ILL. 


.\"  i)i:e 


Address 

City  and  State 


J  LICE    FOR.    YOUR    BAT 

Why  not  generate  your  own  "juice" 


vith  an 
U'l'l  1     AITOMUM     BATRB1  CHARGER. 

Easily  attached  to  any  automobile  or  gas 
engine.  Requires  no  attention.  Generates 
a  steady,  strong  current,  enough  to  keep 
your  batteries  always  charged  and  to  keep 
three  lights  running  besides.  For  further 
information,  write,  THE  DAYTOS  ELECTRI- 
Ctl.  UK!,,  n.i.,  ITS  St.  tUlr  Street,  Darton,  0. 


ELECTRICAL  I 


si i pp lies  ni  nil  k iinis.  Motors,  Dynamos,  i'mir, 

Batteries,  Telephones,  Telegraph  Instruments, 

ctrloCeJI  Bella  and  Toy ■Jwlre,  Plugi.every. 

thing  used  bj  professional  and  amateur  else- 

tri.-i.His.    ykv.v.  Bookglrlngoompleteand  detailed  Information  with 

lllustrmtlona,  •  ■!  ST.rjrthbu  slMtrlcal  sent  on  req  l«  I 

C.  DEWEY  ELEC.  COMPANY,  Milwaukee,  Wis. 


DYNAMO    CASTINGS 

Punchings,  Castings,  Materials 
and  Bine  Prints  for  the 

FranKlin  Dynamo 

Price,  $3.50  and  up 

Output  10  volts,  5  amperes 

Write  for  Circular  7 

The  excellence  of  this  machine  has  made  us  hundreds 
of  good  friends 

PARSELL  &  WEED 


129  W.  31st  St. 


NEW  YORK  CITY 


MEASURING  RESISTANCE 

is  easy  with  our  special  volt-ammeters. 
Take  two  readings.  Divide  one  by  the 
other  and  subtract  the  resistance  of  the 
instrument.  That's  all.  Write  for  Catalog 

L.  M.  PIGNOLET. 

82  Cortlandt  Street,  New  York 


BUCKEYE   ENGINE    Co. 

SALEM,    OHIO.   U.S.A. 


STEAM  ENGINE  BUILDERS. 


AN  tNGINE  PATTERNS  II 
JSTRATCO  CATALOCUC. 


DON'T  BUY  GASOLINE  ENGINES 

Until  you  investigate  "THE  MASTER  WORKMAN" 

a  two-cylinder  gasoline  engine  superior  to  all  one-cylinder  engines;  revolutionizing  gas  power.  Costs  Less  to 
Buy  and  Less  to  Run.  Quickly,  easily  started.  No  vibration.  Can  be  mounted  on  any  wagon  at  small  cost 
— portable,  stationary  or  traction.  Mention  this  paper.  Send  for  Catalogue.    This  is  our  Fifty-second  Year. 

THE    TEMPLE    PUMP    CO.,  Mfrs.,    Meagher  and  15th  Sts.,  Chicago 


Mention   Technical  World  Magazine 
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Vertical  Geared  Hoists 

Operate  on 

GAS,  GASOLINE,  KEROSENE 
or   OIL  — From   2  to   12   H.  P. 

Especially    Designed 

For  Sugar  Planters,  Contractors,  Mines.  Quarries,  etc. 
Send    Jot      Catalog      728H. 

FAIRBANKS,     MORSE     &    CO 

FranKlin  and  Monroe  Sts.,  Chicago,  111. 


CUT 
GEARS 

Valuable    catalog 
sent   free    to    any 
FIRM  upon  request. 

Foote  Bros. 

Gear® 
Machine  Co. 

24-30 

S.  Clinton  Street 

CHICAGO,  ILL. 

v^MHBiMpHpir' 

—  MECHANICAL  ENGINEERING  — i 

offers  an  attractive  field  to  young  men  desiring  to  fit  them- 
selves for  better  paying  positions.  Fill  out  and  send  this 
advertisement  to  us  to-day  and  receive  our  200  page  hand- 
book (FREE)  describing  our  Mechanical  Engineer- 
ing Course  and  over  60  others,  including  Electrical, 
Steam  and  Civil  Engineering,  Heating,  Ventilation  and 
Plumbing,  Architecture,  Architectural  Drafting,  Me- 
chanical Drawing,  Telephony,  Telegraphy,  Textiles,  etc. 

American  School  of  Correspondence,  Chicago,  III. 

Name 

Address 

City  and  State 

T.  W.  6-06. 


Pulleys,  Shafting,  Hangers,  Pillow- 
Blocks,  Gearing,  Sprocket-  Wheels, 
Chain    Belting,    Friction     Clutches 

WE  MANUFACTURE  A  COMPLETE  LINE  OF  ELEVATING 
AND  CONVEYING  MACHINERY  FOR  HANDLING  COAL,  ORE, 
ROCKS,  CEMENT,  PACKAGES  AND  ALL  CLASSES  OF  MATERIAL 

Steel  Cars  of  ALL  Kinds 
Steel  Buckets 

Gas  and  Steam  Engine  Castings  for 
Experimental   Work 

REPRESENTATIVES    WANTED    IN    EVERY    CITY 


W.    A.  JONES  FOUNDRY 
and  MACHINE  COMPANY 

142   *V.  Forth  A-Vt.,  CHICAGO 


55  LOCAL  COMPANIES 

NOW    USING    THIS    MACHINE 

PAY    BIG    DIVIDENDS 

IT  CLEANS  houses  by  compressed  air  without  dust 
or  disturbance,  cleans  carpets,  curtains  or  furniture 
without  removing  from  the  room.  Much  cheaper  as 
well  as  more  convenient  than  the  old  way.  fl  If  you 
live  in  a  town  of  over  5,000,  form  a  company  and 
secure  the  exclusive  right  to  use  this  system.  Every  house- 
wife will  be  glad  to  patronize  you.  Every  church,  lodge, 
theater  or  club  is  an  immediate  and  permanent  customer. 
You  will  make  money  from  the  start,  and  have  practically 
a  monopoly  of  the  house  cleaning  business.  *i  This  is  not 
a  cheap  proposition,  but  affords  a  ereat  opportunity  for 
the  man  with  a  few  thousands  to  invest  in  a  business. 

We  manufacture  gasoline  engines  and  air  compressors. 

WRITE  US  FOR  FULL  INFORMATION. 

General  Compressed  Air  Mouse  Cleaning  Company.      4445  Olive  St.,  St.  Louis,  JU. 
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/ 


If  You  Solder 

S  Idei  - 

Soldering 

Salti.  daring 

■ 

OulrK     --     Clean     --     Saf« 
Brit  for  electrical  purpose! 

OfTU-i.illy  approved  bj    National 

and   Plra  i  ndei  m  itns. 
I  i     S.  Govei  anient 
Free    For  your  dealer's  name 
"ALLEN-Flux"  Containt  no  Acid. 

L.  B.  ALLEN  CO.,  Inc.  l^^:^'^'^ 


ISO- 


ELECTRIC NOVELTIES  AND  SUPPLIES 

WE  ARE  SELLING 
If  It's      Toy  Electric  Raihraya,  fS  to     ...    $    60.00 
iri^-t^;^    Fan  Motors;  all  kinds,  all  prices;  $1  to      20.00 

tleLiric    l  to 5.00 

We  md  Cap  Lights,  78c  to    .    .    .       6.00 

Have        Battery  Table  Lamps,  S3  to 10,00 

»i  ind  Bicycle  Lights,  $3  to   .    .        6.00 

**  Lanterns  and  Pocket  Lights,  76c  to .    .       3.00 

t-cry  Motors  and  Fans,  $1  to    .     .     .       12.00 
Electric  Door  Bells,  complete,  75c  to    .        1.50 
_      Telephones,  complete,  $2.50  and  .     .     .        5.95 
^J      Telegraph  Outfits,  complete.  $1.75  to    .        2.50 

FlFfTDIf     --  Medical  Batteries -   3.95 

LllUnIL      tl£  Electric  Belt  with  Suspensory    .    .        2.50 

WORKS      '   wiamos  and  Motors,  Si  to 1000.00 

and  Gasoline  Engines,  $3  to  .    .    .  1400.00 
CUVElAND     catalog  free.     Big  Catalog  4  C.    Want  Agents. 
WE    UNDERSELL   ALL. 

OHIO  ELECTRIC  WORKS,   Cleveland,   Ohio 


1  f&H  !^jL 

aT  ^^"^  ami  "B 

^1-^^^f«. 

PLUMI 

If    you    nee 

SAVE       O 

by  wrltinc  fo 
alar. 
Alllater-t  patl 

B.  T.  K*ROL,        :: 

3ING  SUF 

at     tuholejale 

i    anything     in    my    lil 

N       EVERY      . 

r  my  free  Illustrated  c&tal 
of   new  first-class  guan 

ern*.  ::  ::  S 
::       Hi  Wont   Harrison  Sti 

'PLIES 

ie    you    can 
ARTICLE 

'tfiie.     I  have 
mteed  goods, 
lip  promptly. 

eet,    CHICAGO,  ILL. 

WE   MANUFACTURE   TO  ORDER 


DIES.  TOOLS  and 

AUTOMATIC  MACHINES 

also  HARDWARE   SPECIALTIES 

and  PATENTED  NOVELTIES 

ESTIMATES  FURNISHED  ON  EXPERT 
MODEL  WORK.  SEND  DRAWING  OR 
SAMPLE. 

BOOKLET  FREE.       WRITE  TODAY. 

Stamping  £r  Tool  Co. 

LA  CROSSE.  WIS. 


^ 


^ 


EMPLOYMENT 
DEPARTMENT 

SITUATIONS    WANTED 


7§S 


Wanted  Position  as  Stationary  Engineer. 
Experienced.  References,  Address  The  Tech- 
nical World  Magazine,  No.  461. 


Wanted  Position  as  Foreman  or  Assistant, 
erecting  Machinery.  Fourteen  yens'  experi- 
ence. References.  Address  The  Technical 
World  Magazine,  No.  464. 


Wanted — Position  in  Electrical  or  Automo- 
bile shop.  Six  months'  experience.  Pest  ref- 
erences. Salary  $10.00.  Address  The  Techni- 
cal World  Magazine,  No.  465. 

*** 

WANTED — Position  as  Traveling  Representa- 
tive for  Machine  Company  by  machinist.  Sal- 
ary $20.00  per  week  and  expenses.  Address 
The  Technical  World  Magazine,  No.  466. 


Wanted — Position  in  Machine  Shop  by  ma- 
chinist of  two  years'  experience.  Address  The 
Technical  World  Magazine,  No.  467. 

^* 

Wanted — Any  position  paying  fair  wages,  by 
man  of  24,  high  school  graduate  and  practical 
machinist,  with  four  years'  experience  in-  Shop 
Work.  Address  The  Technical  World  Maga- 
zine, No.  468. 

Wanted — Young  man  of  24  desires  position 
where  a  general  knowledge  of  Electrical  En- 
gineering will  be  valuable.  Small  salary  to 
start.  Prefer  St.  Louis  or  vicinity.  Address 
The  Technical  World  Magazine,  No.  469. 

Wanted — Man  of  28  wants  position  as  as- 
sistant in  Electric  Light  Plant.  Now  conclud- 
ing course  in  electrical  engineering.  Refer- 
ences. Salary  $40  to  $50  per  month.  Address 
The  Technical  World  Magazine,  No.  470. 

Wanted — Position  at  Power  House  or 
Pumping  Station  by  man  with  good  knowledge 
of  stationary  engineering.  Salary  $80.  Ad- 
dress The  Technical  World  Magazine,  No.  471. 

Wanted — Position  as  Electrician  for  Electric 
Railway,  by  man  36  years  old  with  six  years' 
experience  in  electrical  work.  Salary  desired, 
$100  per  month.  Address  The  Technical 
World  Magazine,  No.  472. 
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PATENTS 


Secured  promptly  and  with  special  regard 
to  the    legal  piotection.    of  the  invention. 

HAND  BOOK  FOR.  INVENTORS   AND   MANUFACTURERS   SENT   FREE   VPON    REQUEST* 

Consultation  Free.    No  charge  for  opinion  as  to  the  patentability  and  Commercial  Value  of  Inventors '  Ideas. 
HIGHEST       REFERENCES       FROM       PROMINENT       MANUFACTURERS. 

SHEPHERD    &    PARKER,    Patent    Lawyers 

Patents,  Caveats.  Trade  Marks.  Copyrights,  Reports  as  to  Validity 

and  Infringement.    Patent  Sxiits  Conducted  in  all  States. 

REFERENCES:    American  Water  Motor  Co..   Blum  Shoe  Co..  International  Fence   and   Fire   Proofing  Co.,   Winget 

Concrete  Machine  Co.,  Century  Chemical  Co.,  By-Products  Co.,  Columbus  Pharmacal  Co.,  Richmond  Electric  Co.,  M.  C.  Lilly 

&Co.,  N    L.  Hayden  Mfg.  Co.,  Murray  Engineering  Co.,   Alabama  Brewing  Co.,  National  Leather  Tire  Co.,  Stewart  Window 

Shade  Co..   Berkshire  Specialty  Co.,  and  Morgan  Machine  and  Engineering  Co. 

"During  the  past  ten  years  Mr.  Shepherd,  of  Shepherd  &  Parker,  has  obtained  for  us  a  great  many  important  patents.     We 
have  no  hesitation  in  heartily  recommending  him  to  anyone  having  need  of  the  services  of  a  patent  attorney." 

HALLWOOD  CASH  REGISTER  CO. 
Mr.  Parker  on  November  1,  1903,  resigned  his  position  as  an  examiner  in  the  U.  S.  Patent  Office  to  enter  this  firm. 
Address    144   DIETZ   BUILDING.  :  :  WASHINGTON,  D.  C. 


IF  YOU  HAVE  AN  INVENTION  OF  VALUE, 

I  will  prosecute  application  without  Attor- 
ney's Fee  for  an  interest  in  the  patent. 
IF  YOU  OWN  A  PATENT  I  can  sell  it  for  you. 
IF  YOU  WANT  TO  BUY  A  PATENT  I  can 

find  the  one  you  want. 

*I  Write  me — we  can't  stay  apart  if  you  tell  me 
your  needs.  I  have  two  especially  good  novel- 
ties for  sale  this  month — one  a  Tobacco-pouch 
and  the  other  a  Window  Shade  Pulley  which 
will  sell  in  the  millions.     Both  recent  patents. 

LOUIS  A.  HILL,  1336  New  YorK  Avenue 

WASHINGTON,    D.   C. 


ATENTS 

Valuable  Book  on  Patents  FREE.     Tells  how  to 

secure  them  at  low  cost.    How  to  Sell  a  Patent,  and 

What  to  Invent  for  Profit.   Gives  Mechanical  Movements 

Invaluable  to  Inventors.     Full  of  Money-Making   Patent 

Information.     NEW    BOOK   FREE  to  all  who  write. 

O'MEARA  A,  BROCK,    Patent  attorneys 

018  F.  Street,  N.  W.,  Washington,  D.  C. 

PATENTS- 

Send  for  Inventor's  Primer 

No  patent,  no  fee  Established  1864 

MILO  B.  STEVENS  &  CO. 

860  Fourteenth  St.,  Washington,  D.  C. 

Branches  at  Chicago,  Cleveland,  Detroit 


I  SELL  PATENTS 


IF  YOU  WISH  TO  BUY  OR  LEASE  THEM- 
ANY  DESCRIPTION-WRITE  ME.  IT  WILL 
PROVE  PROFITABLE  TO  BOTH  OF  US. 


CHARLES  A.SC0TT 


79  7  MUTUAL  LIFE.  BLD'C. 

BUFFALO.   M.V. 


TWENTY-FIVE  YEARS  ACTIVE   PRACTICE 

Specialty:  "WORKING  ON  THE  FAILURES  OF  OTHERS" 

Ffr  AT  ET  IVI TT  O  Caveats,  Trade  Marks, 
I     «»  I    K"  IH    I    ^#  Copyrights  and  Designs 

Send  your  business  direct  to  Washington.     Saves  time  and  in- 
sures better  service,  Personal  Attention  Guaranteed. 
PAMPHLET     ON     PATENTS     FREE 
E.  G    SIGGERS,  Patent  Lawyer 
Suite  10  National  Union  Bide. Washington.  D.  C. 


60    YEARS* 
EXPERIENCE 


Trade  Marks 
Designs 
Copyrights  &c. 

Anyone  sending  a  sketch  and  description  may 
quickly  ascertain  our  opinion  free  whether  an 
invention  is  probably  patentable.  Communica- 
tions strictly  confidential.  HANDBOOK  on  Patents 
Bent  free.  Oldest  agency  for  securing  patents. 

Patents  taken  through  Munn  &  Co.  receive 
special  notice,  without  charge,  in  the 

Scientific  American. 

A  handsomely  illustrated  weekly.  Largest  cir- 
culation of  any  scientiuc  journal.  Terms,  $3  a 
year:  four  months,  $1.   Sold  by  all  newsdealers. 

MUNN  &Co.361Broadwa>'  New  York 

Branch  Office,  625  F  St.,  Washington.  D.  C. 


"MR.  INVENTOR" 


OUR   BUSINESS   IS  TO 


Perfect,  Develop  and  Manufacture 

YOUR  INVENTION.  ALL  MODERN  FACILITIES 
ARE  OURS,  AND  WE  ARE  AT  YOUR  SERVICE. 
WE   EMPLOY   EXPERT   MECHANICS    ON  :         : 

Specialties,  Dies,  Punch  Work  and  Models 

SEND  US  YOUR  DRAWING  OR  MODEL,  AND 
WE    WILL    SUBMIT    OUR    LOWEST    PRICE 

MONARCH   TOOL   COMPANY 

122  Opera  Place,  CINCINNATI,  O. 
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A  Six=Months'  Advertising  Campaign 
in  Everybody's  Magazine  for  $50 


1  ><  >  you  want  more  business?  1  lave  7011  $50? 
Then  read  on — 

n  \n>.  \  Hanks  Scspbndbr  ujd  Bbli  Company 
iby  Street 

Augusta,  Maine,  Feb. 

Sirs:  Please  repeat  our  ad  (4  lines  $9) 
that  appeared  in  your  January  number,  in 
the  April  issue.  We  enclose  check  to 
moot  same.  The  reason  you  have  not  heard 
from  us  lately  is  on  account  of  our  January 
ad  bringing  us  so  much  business  that  it 
was  impossible  for  us  to  think  of  accepting 
more  at  the  time,  so  we  were  obliged  to 
'  cut"  you  for  a  few  months.  We  received 
several  hundred  replies  (not  far  from  400) 
and  did  business  with  a  large  percentage 
of  them.  We  hope  to  join  you  each  month 
in  the  future,  having  increased  our  capacity 
in  accordance  with  the  prospective  business 
to  be  received  through  our  relations  with 
your  valuable  publication. 

( >t  course  we  have  the  "goods,"  in  veri- 
fication of  which  we  call  your  attention  to 
the  fact  that  one  of  our  agents,    secured 
through    our    ad    in    Everybody's,    has 
already  cleared  over  $4,000.00.     However, 
there    are    others   who  have  the  "goods" 
as  well,  and  can  have  all  the  business  they 
want,  unless  they  are  afflicted  with  most 
insatiate    greed,    by   using   your  columns 
judiciously,    stating    facts    concisely    and 
dealing  fairly  with  patrons  they  secure. 
Very  respectfully  yours, 
Nancy  Hanks  Sus.  &  Belt  Co. 
(Sigricd)  E.  W.  Hanks,  Pres. 


"Advertise  in  Everybody's   Magazini 

and    you    can    have   all    the    business    you 

want," say  Mr.  Hanks — quotedabove  and 
some  thirty  or  forty  other  Classified  Adver- 
tisers   whose    letters    are-  open   to    your 

inspection. 

But  note  also  that  Mr.  Hanks  says:  "We 
have  increased  our  capacity  to  take  care  of 
prospective  business  and  hope  to  join  you 
each  month  in  the  future."  This  clear- 
headed Yankee  evidently  is  not  "taking 
flyers,"  but  is  building  a  business. 

He  knows  that  no  one  can  send  a  new 
salesman  over  a  new  territory  just  once — 
and  count  that  salesman  a  very  important 
brick  in  his  business  structure.  He  knows 
that  for  every  order  his  best  salesman, 
Everybody's,  turns  in,  there  are  two 
awaiting  its  second  appearance.  He  is 
going  back  month  after  month  to  make 
orders  out  of  the  otherwise  valueless  "good 
will"  created  by  the  first  advertisement. 

In  the  same  way,  it  is  only  by  the  care- 
fully planned  campaign  that  you  can  hope 
to  make  advertising  the  big  thing  that  it 
ought  to  be  in  your  business.  We  there- 
fore append  an  offer  covering  six  months' 
advertising  in  Everybody's  Magazine  — 
enough  to  start  things  humming  this  Spring 
and  to  keep  you  busy  through  the  Summer 
months  (if  your  proposition  is  a  good  one) 
— for  $50,  payable  $9  monthly  in  advance. 

Start  with  the  next  number. 


Send  this  Coupon,  with  Check,  before  April  30th  to  be  in  time  for  the  June  Number 


-190, 


ADVERTISING  DEPARTMENT  EVERYBODY'S  MAGAZINE 
31  EAST  17th  ST.,  NEW  YORK 

Kindly  enter  my  order  for 

Everybody's  Magazine.    Enclosed  please  find 

payment  for  first  insertion— copy  attached. 

Upon  receipt  of  memo,  bill  on  the  25th  of  next  and  each  succeeding  month  (six-time  discount  to  he  credited  on 
bill  for  sixth  insertion  )  I  will  advise  promptly  whether  to  repeat  or  to  run  new  copy. 

Very  truly  yours, 


.lines,  six  times,  in  the  Classified  columns  of 
($2.25  per  line)   in   full 


about  nine  words 


Most  of  l*lt  liu  for 


$1-2  50  pel 
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A  Delightful — Educational — Inexpensive 


Summer  Tour 


What  could  be  more  delightful,  what  could  be  of  greater  educational 
value,  than  a  trip  this  summer  to  the  Pacific  Coast  ? 

Start,  let  us  say,  from  Chicago  over  the  Burlington  Route's  famous  Mis- 
sissippi River  Scenic  Line — cool  and  decidedly  picturesque — then  take  at 
St.  Paul 

*ffone  of  the  northern  routes  across  the  continent,  perhaps  visiting 
Yellowstone  Park  en  route,  and  after  enjoying  the  charms  of  the  Puget  Sound 
region,  start  from  Portland  for  San  Francisco 

*Hon  a  Pacific  Ocean  steamer, or  over  that  magnificent  highway,  the  Shasta 
Route.  Then,  when  you  have  enjoyed  San  Francisco's  attractions,  continue 
southward 

*H  over  the  incomparable  Coast  Line  to  Los  Angeles.  After  a  stay  in 
Southern  California,  take  either  of  three  routes  to  Colorado  Springs  and  Denver 

—  the  Valley  Line,  over  Great  Salt  Lake  and  thro'  the  Scenic  Rockies 

—  the  new  Salt  Lake  Route  and  thro'  the  Scenic  Rockies 

—  thro  the  storied  Southwest,  with  a  side  trip  to  the  Grand  Canyon  of 
Arizona,  or  to  Mexico,  or  both, 

*fl  then  from  Denver  on  one  of  the  Burlington's  splendid  trains  to  your 
starting  point. 

Or,  if  you  like,  visit  California  first  and  return  by  Puget  Sound  and  a 
northern  route.     No  extra  charge. 


An  expensive  trip  ?     Not  at  all ! 

The  total  cost  for  railway  fare,  exclusive  of  side  trips,  is  just  $88.50  from 
Chicago;  $82.50  from  St.  Louis;  $73.50  (not  via  St.  Paul)  from  Missouri 
River  points,  Kansas  City  to  Omaha,  inclusive.  Even  lower  rates  on  certain 
dates. 

This  is  only  one  of  scores  of  similai  trips  that  can  be  made  at  no  greater  expense. 

Tell  me  what  you  would  like  to  do  and  to  see  this  summer,  and   I'll    plan  a  tour  for 
you.      For  this  service  there  is   no  charge.     All    I   ask    is   that  you 
make  sure  your  ticket  reads  "via  Burlington  Route." 
Write  me  to-day,  please. 


Burlington 


■j2| 
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P.  S.  EUSTIS, 

341   "Q"  Building,  Chicago. 
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Feed  Water  Heaters 
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THE 


Brownell  Company 

Main   Office   and  Worka 
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Buys  This  Rubber  Tire  Wagon 

ity.    Fully  Guaranteed.     Best  hickory  wheels,  yi  in. 

it  long  distance,  dust  proof,  high  arched  axles;  oil  tem- 
pered springs.  First  quality  material  and  finish. 
Worth  nearly  double  our  Factory  Price.  We  ship 
for  your  examination,  without  a  cent  in  advance,  if 
desired,  and  allow 

30  DAYS  FREE  TRIAL 

Money  refunded  on  all  purchases  not  satisfactory.    You  save 
dealers'  profits.     We  build  150  styles  of  Vehicles,  from  $«lj.50  to 
§160  CO.    50  styles  Harness,  $5.00  to  JtiO.OO.      Write  to-day  for 
our  200  p;ige  Illustrated  Style  Book.     Free  for  the  asking.  ' 
UNION  BUGGY  CO.,   23   Saginaw  St.,  Pontiac.  Mich 


at  your  home.  For  a  limited  time  we  will  (rive  free,  for  advertising  pur- 
poses, 96  music  lessons  for  beginners  or  advanced  pupils  on  either  Piano, 
Organ,  Banjo,  Guitar,  Cornet,  Violin  or  Mandolin  (your  expense 
will  only  be  the  cost  of  postage  and  the  music  you  use,  which  is  small). 
We  teach  by  mail  only  and  guarantee  success.  Established  seven  years.  Hundreds  write  "Wish  I  had  heard  of  your  school 
before."  Write  today  for  booklet,  testimonials  and  free  tuition  blank.  Address :      r.  s.  school  of  mi  sic,  Box  lane,  19  i  men  s,r„  it.  t. 


MUSIC  LESSONS  FREE 


A  TRAIN  LOAD  OF  BOOKS 

Another  Big  Book  House  Failed 

I  bought  the  entire  stock  for  Spot  Cash  and 
have  cut  prices  50  to  90  per  cent. 

I  buy  more  bankrupt  stocks  of  flr*t-class  new  books  and  more 
publisher*'  editions  than  any  other  dealer  In  America* 

I  sell  more  books  to  the  public  than  any  man  in 
America.  I  ship  books  to  every  country  in  the  world. 
WHY?  Because  I  sell  books  at  less  than  half  price. 
You  read  books,  and,  in  justice  to  yourself,  you  must 
have  my  FREE  catalogue  of  books.  I  sell  almost  any 
book  or  set  of  books  on  the  market  for  less  than  half,  and 
many  fine  books  and  sets  at  less  than  one-quarter  price. 


THESE  ARE  SAMPLE  PRICES: 

Late  copyrights  were  ?1.50 Our  price  39e 

The  38c  list  includes  The  Leopard's  Spots,  Little  Shep- 
herd of  Kingdom  Come,  The  Christian,  David  Harum,  etc. 

Encyclopedia  Rrltanniea,  Regularly  $3G Our  price  $7.75 

pUte  Workt."3'voN.;  |  tosuUrlj  •" 0"  P^«  $2.95 

I  sell  erery  book  under  guarantee  to  be  new,  perfect  and  satis- 
factory, or  money  hack  without  question  or  quibbling. 


Practically  any  book  or  set  of  books  you  want  at  a 
fraction  of  the  retail  price  while  they  last. 

THE  REASON  WHY  I  sell  books  at  less  than 
half  regular  price  is  more  fully  explained  in  my  cata- 
logue of  books,  which  will  be  sent  free.  It  will  save 
you  more  than  one-half.  Also  tells  how  you  can  get  a 
library  FREE  for  a  little  of  your  time.  Lest  you  for- 
get, fill  in  your  name  in  space  below  and  mail  to-day. 

Name 


DAVID  B. 

The  Book  Broker, 


CLARKSON 

Dept.  L9,  CHICACO 


INDUSTRIES 


■ARE- 


OFFERED 
LOCATIONS 


With  satisfactory  inducements, 
favorable  freight  rates,  good  labor 
conditions,  healthful  communities, 
on  the  lines  of 


THE  ILLINOIS  CENTRAL  RAILROAD 

AND   THE 

YAZOO  &  MISSISSIPPI  VALLEY  R.  R. 


For    full    information    and    descriptive 
pamphlet,  address 

J.  C.  CLAIR., 

Industrial  Commissioner, 

1  Park  Row,         Chicago,  111. 
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f  Cyclopedia  of 
Applied  Electricity 


2,500  sets  sold  before  the  books  were  ready  for  delivery,  «J  A  Practical  Guide  for  Electricians,  Stationary  Engineers, 
Mechanics,  Engineering  Students,  and  all  Persons  Interested  in  Electricity. 

Five  Volumes— 2,500  Pages— Fully  Indexed— size  of  page  8x10  inches.    Bound  in 
\  Red  Morocco.    Over  2,000  full  page  plates,  diagrams,  tables,  formulae,  etc. 
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on 
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Approval 

(Express  Prepaid) 


We  will  send  these  books  to  your  home  free  for  examination,  express  prepaid.    Look  them  over  and 
examine  them  at  your  leisure.    If  satisfied  send  us  ti.oo  down  and  $2.00  per  month  for  nine  months 
thereafter.    Otherwise  notify  us  and  we  will  send  shipping  directions.    Cash  with  order  $18.00 
Money  refunded  if  not  satisfactory. 


SOME  Or  THE  WRITERS 

PROF.  F.  B.  CROCKER,  head  of  Department  of  Electrical  Engineering,  Columbia 

University. 
PROF.  WILLIAM  ESTT,  head  of  the  Department  of  Electrical  Engineering.  Lehigh 

University. 
H.  C.  CUSHING,  Jr.,  Wiring  Expert  and  Consulting  Engineer. 
PROF.  GEORGE  C.  SHAAD,  University  of  Wisconsin. 
J.  R.  CRAVATH,  Western  Editor  of  the  Street  Railway  Journal. 
WILLIAM  BOYRER,  Division  Engineer,  N.  Y.  and  N.  J.  Telephone  Company 
CHAS.  THOM,  Chief  of  Quadruplex  Dept.  Western  Union  Telegraph  Co. 
PROF.  LOUIS  DERR,  Massachusetts  Institute  of  Technology. 
PERCY  H.  THOMAS,  Chief  Electrician,  Cooper-Hewett  Co.,  N.Y.  City. 
A.  FREDERICK  COLLINS,  Author  of  "Wireless  Telegraphy." 


For  Contents  see  titles  of  books 

American  School  of  Correspondence 
Chicago,  Illinois 
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OUR  COMPLETE 


Home  Companion  Tool  Set 

ILLUSTRATED   ABOVE,   SENT   UPON   RECEIPT   OF 

$5.00 

C.  This  set  contains  4 1  high-grade  tools  (made  of  the  best  grade  of  steel) .  Every  needful  tool 
for  the  home  carpenter.  To  make  it  easy  for  you  to  always  find  the  tool  you  want,  we  have 
made  a  place  for  each  one  in  a  polished  hardwood  case.  Case  is  16  inches  long  by  8>2 
inches  wide  by  3/2  inches  deep,  and  contains  the  following  tools: 


1  Ratchet  Screw  Driver,  6  inch 

1  Ratchet  Screw  Driver,  l'i  iflch 

1  Hand  Shave 

1  Hack  Saw  Frame 

6  Coarse  Teeth  Blades  for  same 
3  Fine  Teeth  Blades  for  same 
2  Extra  Fine  Teeth  Blades  for  same 
1  Polished  Bone  Saw  for  same 
1  Glass  Cutter 


1  Cocobolo  Handle  Automatic  Drill 

8  Drills  for  same  from  1-16  to  11-64 

1  Universal  Tool  Handle  for  holding: 

l  Gouge,  l  Gimlet,  2  Chisels,  l  Reamer, 
1  Screw  Driver,  1  Saw,  2  Brad- awls 

1  Nail  Set 

1  Prick  Punch 

1  Saddler's  Drive  Punch 

1  Solid  Punch 

1  Oil  Stone 


C,  We  are  making  a  special  offer  of  our  Home  Companion  Tool  Set  for  a  limited  time,  and 
will  ship  this  set  complete  upon  receipt  of  $5.00;  you  pay  the  express. 


G  O  O  D  E  L  L  - 

GREENFIELD 


R  A  T  T 

MASS 


COMPANY 

U  .     S  .     A  . 
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The 

Comptometer 

Sweeps  the  Boards 

In  the  New  York  Speed 
and    Accuracy    Contest 

at   Madison  Squ 

ill  previon  'Cords  for  speed  and  accuracy  in  ad: 

and  multiplication.     C.  There  were  two  classes  of  contests;  those  open  to  adding-listing  mac 
.md  those  open  to  all  classes  of  machines. 
The  Comptometer  won  every  contest  open  to  all  classes  of  machines,  there  bein 
American  and  three  European  makes  on  exhibition.    C.  Here  are  some  of  the  records  made  on  the 
Comptometer  in  the  contests  open  to  all  machines.     No  record  equaling  even  the  slowest  of  the 
following  was  made  on  any  make  of  machine  other  than  the  Comptometer  : 

Check    Adding    Contest 

Adding  the  amounts  on  500  department  store  checks 

Jst  prize— Miss  May  Maher.  of  the  C.  B.  &  Q.  Ry.  Co.,  Chicago.  .  4  Mm.  1!)  Sec. 
2d  prize— Miss  Mae  Barclay,  of  the  111.  Central  R.  R.,  Chicago,    .      4  Min.  21  Sec. 

Miss  Ollie  Crow,  of  the  111.  Central  R.  R.,  Chicago.     .      4  Min.  28  Sec. 

Miss  Genevieve  Green,  of  Marshall  Field  &  Co.,  Chicago,  4  Min.  41  Sec. 

Miss  Thea  Swanson,  of  Swift  k  Co.,  Chicago,  .">  Min.  43  Sec. 

Miss  Anna  M.  O'Callahan,  Jordan-Marsh  Co.,  Boston,  <i  Min.  4  Sec. 
Every  one  absolutely  correct  and  every  .one  using  the  Comptometer 

Multiplication    Contest 

Performing  Twenty-five  large  Multiplications 


b.  5  Sec. 
2  Min.  18  Sec. 
2  Min.  32  Sec. 
2  Min.  35  Sec. 


1st  prize — Miss  Thea  Swanson,- of  Swift  k  Co.,  Chicago, 
2d  prize—  Miss  Cecelia  M.  Engel,  of  Western  Electric  Co.,  N.  Y. 
Miss  Carolyn  L.  Scheer,  of  Western  Electric  Co.,  N.  Y. 
Miss  Mae  Barclay,  of  111.  Central  R.  R.,  Chicago. 
Every  one  absolutely  correct  and   every  one  using  the  Comptometer 
When  you  buy  an  adding  or  calculating  machine,  get  the  one  that  is  good  all  around 

You  can  get  a  good  adding  machine  for  $300  or  $400.  and  a  good  multiplying  and  dividing 
mach  out  the  adding  machine  will  not  be   as  good  for  adding,   nor  will  the 

multiplying  machine  be  as  good  for  multiplying  as  is  the  Comptometer,  which  is  twice  a- 
more  convenient  to  use  than  either  of  the  others  in  its  own  field.      Yet  the  Comptometer 
a  fraction  as  much.      The  Comptometer  is  as  universal  in  its  practical  and  time-saving  appli. 
as  the  science  of   arithmetic   itself. 


Some  repeat  orders.     Why  did  they  buy  more? 
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FELT  &  TARRANT  MFG.  CO.,    Illinois  and  N.  Orleans  St.,  CHICAGO 
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Colgate's 
Shaving  Stick 

month's  shaving. 


Colgate  6 


Your  Washing  Machine 
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Tirelessly  a 


FREE 

WARNER.    MOTOR   CO.,  Inc. 

Depr  Flat  Iron  Blda..  New  York  City 


MENNENS 


THE  IMPROVED, 


TALCUM 

POWDER 


arter 

WORN  ALL  OVER 
THE  WORLD 

REFUSE  ALL 
SUBSTITUTES 
OFFERED  YOU 

The  Name  is 
mped  on  every 
loop  — 


|^      CtASP 

LIES  PUT  TO  THE  LEG -NEVER 
SUPS,  TEARS  NOR   UNFASTENS 

GEO.  FROST  CO.,  Makers    - 
Boston,  Mass.,  U.  3.  A.    / 

ALWAYS  EASY      %■ 
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PIANOS 


I    YEARS. 


